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The 39th Annual Meeting April 11-15, 1955, in 
San Francisco, California, was the first West 
Coast Meeting of the Federation. Registered at- 

#tendance included 1226 members of Constituent 
Societies, 1986 non-member scientists, 332 gradu- 
ate students, 291 wives of attending scientists, 
470 exhibitors and 32 press representatives, a to- 
tal of 4337. 

Scientific sessions were held in the Civie Audi- 
torium, Masonic Temple, Public Health Building 
ind Hotel Whitcomb, April 12-15. In all, 1354 
yapers were presented in 130 sessions with an ad- 
litional 228 papers listed in the program as read 
vy title. Eight of these were Inter-Society Sessions 
n which papers from each society were presented 
n the topics of atherosclerosis, blood clotting 
ad radiation effects. Organized on an experi- 
ental basis for the first time during the 1955 
eetings, these sessions proved so satisfactory 
ap they will probably be continued in programs 

future meetings. Two teaching sessions, one a 

ysiology panel discussing aims and methods of 

aboratory instruction and the other a Pathology 
panel considering the report of the Second A.A. 
M.C. Teaching Institute of Pathology, Micro- 
biology, Genetics and Immunology, were pre- 
ented. In addition three Biochemistry symposia 
n Amino Acid Metabolism, Biochemistry of Dis- 
ase and Cholesterol Metabolism, a Pharmacology 
ymposium on the Nature of Microbial Resistance 
0 Drugs and a Nutrition Symposium on Lipids 
Nutrition were presented during the week. A 
pecial session, under the chairmanship of Dr. C. 
. Treadwell, was devoted to presentation of six 
otion pictures. The Poultry Nutrition Confer- 
nee and a round table discussion on Rare Earths 

Biochemical and Medical Research, sponsored 
fy the Oak Ridge Institute of Nuclear Studies, 
vere special meetings scheduled April 11 and 14 
Pspectively. 

The American Society for Experimental Pa- 

ology, senior society at the Meeting, sponsored 
he program of the Joint Session, Tuesday eve- 
ing, April 13. Dr. D. M. Angevine, Past-President 
the Pathology Society and Chairman of the 
‘deration Board, presided. The three papers 
esented by Dr. K. R. Porter, Dr. G. H. Hoge- 
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boom and Dr. F. B. Bang on the general topic 
“Integration of Cell Structure and Function,” 
will be published in this and future issues of 
FEDERATION PROCEEDINGS. 

The Federation Board and the six Society 
Councils met beginning April 11, and Society 
Business Meetings were held during the week. A 
list of officers elected for the coming year appears 
below. In addition, Editorial Boards of the jour- 
nals of the Constituent Societies, the Society for 
Experimental Biology and Medicine and the RES 
Society as well as a number of special committees 
used the facilities of the Meetings for conferences. 

The Pharmacology, Pathology and Nutrition 
Societies held their annual banquets; Pharmacol- 
ogy and Pathology each had scientific programs 
following dinner, while the presentation of awards 
followed the Nutrition Dinner. The Biochemis- 
try and Nutrition Societies sponsored a Smoker 
following the Joint Session Tuesday evening. 
Special-interest groups met for dinner followed 
by scientific programs and discussion. Numerous 
reunions and social gatherings met for break- 
fasts, luncheons, dinners and during the evening 
hours. 

A Ladies Committee headed by Mrs. John J. 
Sampson greeted the wives of members and non- 
member scientists, and assisted them in becoming 
acquainted with each other and the San Francisco 
Bay Area. Beginning with a tour of the San Fran- 
cisco Art Gallery followed by tea on Monday; 
April 11, the ladies visited Stanford University 
and points of interest near Palo Alto, the Sonoma 
Valley Mission and wineries, the shops in San 
Francisco and Chinatown during the week. The 
gracious efforts of the Ladies Hospitality Com- 
mittee and their program of interesting activities 
made the San Francisco Meeting a memorable 
one for guests of the Federation. 

On Monday, April 11, the laboratories and 
science departments of the University of Califor- 
nia held open house for the registrants at the 
Federation Meetings. The Life Sciences Building, 
Donner Laboratory, Biochemistry-Virus Building, 
Home Economics Building and the Western Re- 
gional Research Laboratories of the U. 8. De- 
partment of Agriculture were open for inspection, 
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and a hospitality and meeting center was located 
at Alumni House. The Federation is indebted to 
Dr. D. M. Greenberg, the department and labora- 
tory heads, their assistants and students for ar- 
ranging transportation, guides and hostesses, and 
to Chancellor Clark Kerr for affording this oppor- 
tunity to visit the remarkable scientific facilities 
of the University. 

More than 100 exhibits by 87 industrial firms, 
members and their associates were located in the 
Main Arena of the Civic Auditorium. The indus- 
trial exhibits presented displays of books, appara- 
tus and equipment, pharmaceuticals, chemicals 
and food products. Institutional displays depicted 
the activities of the foundations and societies rep- 
resented, while members and their associates took 
advantage of the opportunity for visual presenta- 
tion of their work. 

The Federation is indebted to the Committee, 
Friends of Science of California, for assistance in 
underwriting the expenses of the 1955 Meetings. 
Dr. John H. Lawrence, General Chairman, Mr. 
George D. Smith, Executive Chairman, and a 
committee of forty California scientists and busi- 
ness men contacted industrial organizations, which 
might contribute to the meetings, and specialty 
firms on the West Coast to inform the latter of the 
opportunity to exhibit at the Federation Meet- 
ings. Their efforts resulted in a better acquaint- 
ance with industrial firms operating in the fields 
represented by the Federation. The contributions 
of the following firms are gratefully acknowl- 
edged: 

Don Baxter, Inc., Glendale, California 

Cutter Foundation and Laboratories, Berkeley, 

California 

Distillation Products 

New York 
Rexall Drug, Inc., Los Angeles, California 
Riker Laboratories, Inc., Los Angeles, Cali- 


Industries, Rochester, 


fornia 

S & W Fine Foods, Inc., San Francisco, Cali- 
fornia 

University Apparatus ©o., Berkeley, Cali- 
fornia 


Upjohn Company, San Francisco, California 
J y; ’ 
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MEMBERS OF THE FEDERATION 
BOARD, 1955-1956 


G. R. Cowgill, Chairman, W. H. Sebrell, Jr., 
R. W. Engel, Nutrition; Jules Freund, F. §, 
Cheever, A. M. Pappenheimer, Jr., Immunology; 
W. F. Hamilton, A. C. Burton, H. E. Essex, 
Physiology; J. M. Luck, Philip Handler, C. G, 
King, Biochemistry; E. G. Gross, C. C. Pfeiffer, 
C. M. Gruber, Pharmacology; H. L. Stewart, C. 
C. Erickson, R. L. Holman, Pathology; M. O. Lee, 
Federation Secretary. 


SOCIETY OFFICERS, 1955-1956 


Nutrition—W. H. Sebrell, Jr., President, H. J. 
Deuel, Jr., Vice-President, R. W. Engel, Secre- 
tary, O. L. Kline, Treasurer, G. R. Cowgill, Past 
President. 

Immunology—Jules Freund, President, M. Wi 
Chase, Vice-President, F. 8. Cheever, Secretary-§ 
Treasurer, A. M. Pappenheimer, Jr., Past Presi- 
dent. 

Physiology—W. F. Hamilton, President, A. CA), 
Burton, President-Elect (Secretary-Treasurer), H§. 
E. Essex, Past President, M. O. Lee, Executiv 
Secretary. 

Biochemistry—J. M. Luck, President, H. 
Carter, Vice-President, Philip Handler, Secretary, 
P. P. Cohen, Treasurer, C. G. King, Past Presi: 
dent. 

Pharmacology—E. G. Gross, President, Harr 
















tary, J. M. Dille, Treasurer, C. 
President. 

Pathology—H. L. Stewart, President, F. W 
Hartman, Vice-President, C. C. Erickson, Secre 
tary-Treasurer, R. L. Holman, Past President. 


FUTURE MEETINGS 


The next annual meeting of the Federation wi 
be in Atlantic City, New Jersey, April 15-20, 19 
The 1957 Meeting will be April 14-20 in Chicag 


April 12-18 and the 1960 Meeting will be in C 
cago, April 10-16. 








JOINT SESSION OF THE FEDERATION 
San Francisco, California, April 12, 1955 
Integration of Cell Structure and Function 


Chairman: D. Murray ANGEVINE 
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A NATURAL sequel to discussion of the struc- 
» A. Citure and enzyme constitution of the normal cell 
er), His a review of changes produced in the cell by 
recullt ‘ruses, This review will consider mainly verte- 
H, pebrate cells and their viruses. The parasitic de- 
cretary pendency of some viruses on their host cells is 
t Presigso complete that it is risky to speak of action 
nd reaction within the cell. Cell morphology 
, Harngmay change dramatically during the course of 


irus itself and how much is the cell’s reaction 
it is not clear at this time. 
Until recently the pathologist who studied viral 
esions used the classical methods of light micros- 
opy and studied mostly fixed specimens. Further 
rogress in the study of abnormal cells was lim- 
ion tl within this framework. Dr. Cowdry in 1928 
20, 19UMmarized contemporary studies of cell pathol- 
(1). Using these as a basis, viral lesions were 
7 | lassified as those producing intracytoplasmic in- 
tic Citglusions and those producing different kinds of 
e in Chifttranuclear inclusions (2). Ludford has further 
escribed pathological changes, especially in liv- 
g cells, and has included some recent phase 
icroscopy (3). 
The complex of new techniques applied to the 
udy of the abnormal cell calls for a re-evalua- 


‘None of the illustrations in this lecture have 
en previously published and a number of the 
ctions were cut especially for this study. This 
ork, as in the case of previous publications, has 
en supported by grants from the National Can- 
t Institute (C1230) and the National Microbio- 
ical Institute (E135) of the Public Health 
rvice. 





PATHOLOGY OF THE CELL INFECTED WITH VIRUSES- 
MORPHOLOGICAL AND BIOCHEMICAL ASPECTS! 


FREDERIK B. BANG 


From the Departments of Medicine and Pathobiology, The Johns Hopkins University, 
Baltimore, Maryland 


tion of our knowledge and of the generalizations 
based on that knowledge. However, we probably 
do not yet have enough information to warrant 
a differential classification of viruses based on the 
types of lesions produced in the cell. Indeed, it 
already seems clear that two strains of the same 
virus species may produce different types of le- 
sions; and the same virus may produce different 
lesions on two different cell types. Our discussion 
will start with a review of methods of studying 
the infected cell. 

Two techniques are of recent importance in 
the study of sick cells. The first is phase micros- 
copy, in which Gey has pioneered in this country 
(4), as has Frederic in France (5) and Ludford 
in England (3). The other is electron microscopy, 
which was at first applied to cells in tissue culture 
preparations and more recently to thin sections 
of cells. Dr. Porter has summarized the observa- 
tions in normal cell structure in the preceding 
discussion (6). 

There have been scattered attempts to apply 
histochemical methods to infected cells. These 
include the application of analyses for desoxy- 
ribonucleic acid and ribonucleic acid by the clas- 
sical methods of ultraviolet absorption. Very 
recently, electrophysiological methods have been 
used in a study of pathological cell function. 


LIVING CELLS—TISSUE CULTURE 


Phase microscopy has made it possible to study 
cell structure in living cells at resolutions com- 
parable to those used on fixed and stained cells. 
Because of the special demands of phase micros- 
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copy these studies have been almost exclusively 
made on cells in culture. In many cases this is of 
great advantage, in that a particular uniform cell 
line may be studied under standardized condi- 
tions. 

The degree to which changes seen in these 
tissue culture cells are similar to the changes 
produced by the agent in the host is not known. 
However, one should remember that the extreme 
thinness of cells in tissue culture is no greater 
than that of endothelial cells lining the capillaries 
of the alveoli of the lung as they are now seen in 
the electron microscope. 

The classical studies of Bland and Canti (7) 
on psittacosis and of Bland and Robinow (8) on 
vaccinia virus were carried out in tissue culture 
cells which were observed to develop their inclu- 
sions in the living cell. Careful fixation and stain- 
ing of the same cell which had been studied in 
the living allowed them to follow the develop- 
ment of the virus lesion, and to determine finally 
that these two types of inclusions consisted of 
‘colonies’ of virus particles. Similar studies with 
phase microscopy would be extremely valuable 
today. By these means it would be possible to 
determine something about the changes in mito- 
chondria occurring during the initiation of infec- 
tion, and to follow the development of the 
changes in the nucleus with herpes virus. Recent 
emphasis on the ‘cytopathogenic’ activity of vi- 
ruses has led to more detailed studies of the effect 
of some of the destructive viruses on cell struc- 
ture. In collaboration with Dr. Gey, we were able 
to show with phase microscopy that one of the 
first definite changes in cells infected with the 
virus of Eastern equine encephalitis was destruc- 
tion of the peripheral thin spread of the cyto- 
plasm, leaving a pattern of long, irregular 
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Deys of incubetion (after Sourander) 
Fic. 1. Diagram of changes in cell nucleic acid 
content and virus titer in chick embryos infected 
with rabies virus. Modified from Sourander (17). 
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projections (9). Subsequently the cytoplasm dis. 
integrated but the nuclei were left relatively | | 
intact. Analysis of the destruction of a human | | 
cell line by poliomyelitis showed the same procegs | | 
taking place but leaving nuclear remnants behind } ¢ 
(10). Electron microscope studies of these same | ¢ 
cell-virus infections led to the suggestion that a 
mechanism for the escape of viruses from cells} © 
without immediate destruction of the cell was} V 
implicit in the formation of these irregular and} i 
disintegrating cell extensions (11). The subse.) 0 
quent determination by Dulbecco (12) that infec.) v 
tious virus is gradually released from cells agrees} ¢ 
with these morphological data. Recently, Barski 
and collaborators have carried out similar studies) is 
on two types of poliomyelitis virus on human} m 
fibroblasts, and have described the formation of 
a large inclusion within the cytoplasm whicif of 
forces the nucleus to the periphery of the cell th 
Concurrent with this is a vacuolization of the 
cytoplasm of the infected cells, which is conj 
sidered a possible mechanism for the release oj 
virus (13). The central lesion is similar to thaff the 
described by Ludford (3) in some normal ani the 
malignant cells as a degeneration phenomenon) tior 
so it may not represent a specific viral lesion. #8 4 

Flewett and Challice (14) in studies of living tibc 
epithelial cells infected by fowl plague have noteg@nd 
an increase in the size of the nucleolus. The relig Witl 
tionship of this apparent change to the infectiogafte 
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ULTRAVIOLET ABSORPTION STUDIES fland 


The first serious study of nucleo-protein magow 
tabolism in relation to virus reproduction wa ¢ 
carried out by Hyden in Casperson’s laboratoi lud 
(15). This study was essentially a survey of thgvirus 
variety of changes which may occur in infecté ell. | 
cells, and included a series of photographs takq ial p 
at 2600 angstroms of Molluscum contagiosum, @ kn 
human pox virus. He showed that strongly al hese 
sorbing material occurred in the cytoplasm in ti he c 
area corresponding to the inclusions. Feulge voulc 
stains showed these to consist of DNA. Oth@ying 


cells infected with virus were studied for protel ‘ the 
ne 








Ua mea Sul 


Two 
een u 
akes ¢ 
h tissi 
ls m 









Fic. 2. Bursts of spontaneous activity di 
charged from sympathetic ganglion of rat infecté 
with pseudorabies virus. 
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a dis} metabolism by ultraviolet photography. A 
tively } greater polynucleotide absorption seemed ap- 
uman | parent later in the infection. He concluded that 


the data indicated that viruses act “as parasites 
upon the nucleoprotein forming part of the host 
cells.”” 

Similar findings have recently been reported 
on infections of mouse muscle cells with Coxsackie 
virus (16). Again an increase in the protein was 
indicated and degenerative changes, particularly 
of the cytoplastn. The conclusion was that the 
virus affected the protein synthesis of the host 
cell. 

The most complete study on one cell system 
is that of Sourander (17) whose findings are sum- 
marized in the accompanying chart (fig. 1). 

In this one may see that with the development 
of rabies virus in the central nervous system of 
the chick embryo, certain specific changes accom- 

of the) pany the virus infection. In contrast to the unin- 
is cong fected cells, which increase in mass until day 9 of 
lease off incubation age and then remain fairly constant, 
to thai) the cellular mass of infected cells dropped from 
nal ang the 5th day after inoculation (day 12 of incuba- 
ymenony tion) to 449 that of the uninfected by day 15 or 
esion. §8 days of infection. The cytoplasmic content of 
f livingtibonucleic acid of control cells remained high, 
ve notegand that of infected cells dropped concomitantly 
"he rela With the decrease in mass of the cell. By 10 days 
‘nfectiog@fter inoculation the nerve cells were practically 

empty of ribonucleic acid. There was a good cor- 
relation between the amount of virus in the brain 
ES jand these changes. The inflammatory response, 
owever, occurred several days after the changes 
cell mass and RNA content. Sourander con- 
ludes that his data support the thesis that the 
irus acts on the nucleoprotein apparatus of the 
ell. Since, however, this ‘apparatus’ is an essen- 
ial part of the cell’s metabolism, it seems difficult 
#0 know whether the changes described in all of 
hese different studies are primary, or whether 
he changes produced are merely those which 
would be expected to occur in a cell which was 
lying for reasons other than virus infection. Lysis 
bf the substance following section of the axone of 
the nerve is well known. 
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ELECTRON MICROSCOPY 


Two general methods for preparation have 
peen used for the study of infected cells. The first 


oe akes advantage of the thin spread of cells grown 
tivity dif tissue culture on formvar-coated glass. Such 
at infect ls may be infected with virus, harvested at any 


ibsequent interval and then studied as whole 
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mounts. The residual skeleton of the cell after 
disintegration may be seen as well as the initial 
changes produced by the virus in the periphery 
of the cell. Cell lines may be studied easily and 
under controlled culture conditions. Such tissue 
culture cells may also be sectioned and the effect 
of the virus observed deeper in the cell. This pro- 
cedure complements the first but does not replace 
it, because embedding and sectioning entail some 
mechanical damage and because one may not see 
the full spread of virus infection. Both methods 
need to be used in the study of tissue culture 
preparations. An amazing succession of improved 
methods of thin sections of cells have made it 
possible to achieve resolutions up to 100 those 
of the light microscope. Several groups in this 
country are using these methods in studying 
virus infections. 


BIOCHEMICAL METHODS 


A variety of studies of the changes produced in 
tissue following virus infection have been sum- 
marized recently (19). In a particularly careful 
study carried out by Margaret Smith and Kun 
(20), the changes in the chick chorio-allantoic 
membrane were followed. It was found that with 
a variety of viruses, including myxoma, fibroma, 
Rous sarcoma, swine influenza, vaccinia and her- 
pes, there was an increase in anaerobic hexdoi- 
phosphate breakdown. This change in enzyme 
activity did not occur either after inactivated 
virus was inoculated ox after marked inflamma- 
tion was produced by sterile celite. The changes 
were part of an increased glycolysis and occurred 
in the absence of respiration. 

The difficulty of applying this type of study 
to an understanding of the changes in individual 
cells lies in the fact that a tissue such as the 
chorio-allantoic membrane consists of a variety 
of cell types in various stages of cellular disease. 


TABLE 1. AREAS OF CELL AFFECTED BY VIRUSES 


Normal Pathological 
Surface Microvilli Long filaments 
Cilia Breakdown and 
release 
Excretory drop- ? 
lets 
Cytoplasm Mitochondria Distended and 
disintegrated 
Endoplasmic Destroyed 
reticulum (er- 
gastoplasm) 
Nucleus Nucleolus oc- Virus in nucleus 
casionally Nucleolus ab- 
‘coiled’ normally coiled 


or destroyed 
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Perhaps the greatest value of such studies on 
tissue will be apparent when the changes pro- 
duced in uniform cell populations may be com- 
pared with changes produced in fixed tissue. 

An entirely different approach to the study of 
abnormal cell function induced by viruses is that 


Fic. 3. Normal allantoic 
previously. 

Fig. 5. Hyperplasia of 
of Newcastle virus. 

Fig. 6. Hyperplasia of 


FEDERATION PROCEEDINGS 





cell from 15-day chick chorioallantoic membrane. 
Fic. 4. Newcastle infection with avirulent strain of 15-day-old embryo-infection initiated 4 day 
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of Dempsher et al. (21). They have used the 
techniques of electrophysiology to follow the 
function of infected cells. By placing electrodes 
on the preganglionic and postganglionic nerves 
of the superior cervical ganglia of a rat they were 
able to pick up the discharges from the diseased 
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ganglia. The normal ganglia, when in the intact 
rat or when removed and placed in an isotonic 
bath, did not give rise to spontaneous discharges. 
In contrast, the ganglia infected with the virus 
of pseudorabies which has been graphically called 
‘mad itch’, continually gave off spontaneous 
bursts of activity (fig. 2). The development of 
these bursts is closely correlated with the devel- 
opment of virus in the ganglion and with the 
pathological changes produced by the virus. The 





astle virus. 


Fig. 8. Reconstruction of 9 
rial sections of a chick mem- 
rane cell infected with New- 
tle Disease virus. 
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changes occur first in the part of the ganglion 
first reached by the virus. Impulses begin to be 
discharged over the postganglionic nerve 2-3 days 
after the inoculation of the eye of the rat with 
virus. Discharges over the preganglionic nerve 
come later, and the postganglionic discharges dis- 
appear along with the capacity for synaptic trans- 
mission through the ganglia. Addition of curare 
or the removal of the calcium from the fluid sur- 
rounding the infected ganglion suppresses synap- 





Fig. 7. Higher magnification of allantoic sac cell surface following 4-day infection with New- 
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tic transmission and spontaneous activity. From 
such studies it may be possible, eventually, to 
localize the effect of the virus. It is clear that 
similar studies need to be done with other virus 
infections of the same cell system and with the 
same virus in other cell systems. 


PATHOLOGY OF THE CELL AS SEEN 
BY ELECTRON MICROSCOPY 


A new classification of viruses based on their 
pathological effects on cells, as has been done in 
the past on the basis of the type of inclusion 
produced, is not yet useful. However, description 
of the type of lesion and the areas of the cell 
affected by the virus is worthwhile. In the ac- 
companying table we have compared electron 
microscope studies of some normal structures 
with the changes produced by virus infection. 
The cells lining the allantoic sac of the chorio- 
allantoic membrane are especially favorable 
for both electron microscopic and virological 
studies. In contrast to the cells infected by the 
pox viruses, these cells may be studied without 
the trauma introduced when the membrane is 
separated from the shell membrane. Thus, 
changes in the infected cell can be related to the 
virus infection. It is now clear that the normal 
allantoic sac cell has a variable number of small, 
blunt, short projections which we have called 
microvilli (fig. 3; 22). The function of these 
and the factors which influence their number 
and morphology have not been determined. 
Three viruses, all belonging to the same group 
(influenza, Newcastle, and fowl plague) have been 
studied in this area. The characteristic long fila- 
ments of influenza, which were first recognized 
by Mosely and Wyckoff (23) free in the allantoic 
fluid, can be related to the projection from the 
cell of many long, thin filaments (24). At the tips 
of the projections or filamepts are spheres of the 
same size as the influenza virus. Tissue culture 
studies done by Murphy in our laboratory (25) 
first showed that masses of filaments and spheri- 
cal particles occur intermingled, and that the 
spherical virus particles could frequently be found 
within these long filaments, sometimes breaking 
out of them and appearing scattered along the 
filaments. 

Allantoic sac cells infected with certain strains 
of either Newcastle, fowl plague, or influenza 
show changes which are most marked at the 
surface (fig. 4). As yet, it is difficult to detect 
influenza virus in the cytoplasm. In addition, 
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hyperplasia of the lining membrane frequently 
occurs after several days of infection (figs. 5 and 
6) and this has led to the suggestion that an in- 
fected cell continues to produce virus over a 
period of several days without disintegration (26). 
Confirmatory data have been obtained by Henle 
(27) using accurate methods of measuring the 
amount of virus released into the allantoic sae, 
and by Schlesinger (28) on another cell system. 
The effect on the cell of infection with the aviru- 
lent strain of Newcastle differs somewhat from 
the effect of influenza virus. The filaments tend 
to balloon and disintegrate at the free end and 
the pleomorphic appearance of the virus is ap- 
parent in the less sharply differentiated segmen- 
tation of the long filamentous processes as seen in 
tissue culture (29). It has been frequently noted 
that the recently isolated strains of influenza 
tend to produce long, thin filaments in the allan- 
toic sac, whereas the old strains of virus are usv- 
ally spherical. Presumably the recently isolated 
strains are less well adapted to growth in the 
allantoic sac cells and thus are extruded as long, 
partially converted, microvilli. 

In only a few instances has the effect of the 
virus been determined at different intervals. This 
was done with an active, mild Newcastle virus 
infection initiated with a small inoculum and 




























followed at 24-hour intervals (26). Figure 5 shows 
a low power electron micrograph of the hyper- 
plasia and tremendous surface changes taking 
place at 4 days. The reconstruction of ‘the sur. 
face (fig. 7) is based on higher resolution pictures’ 
of serial sections. The effect of large amounts 0 
fowl plague on the same cell system has been 
followed during the fiirst few hours up to 1 
hours (30). Under these conditions, a profusio 
of small projections which differ from the norma 
microvilli first appear at the surface of the ce 
6 hours after infection. Subsequently, individus 
particles may be found in this surface area. 

A consideration of the surface of abnor 
cells calls to mind the changes produced in cell 
of spontaneous mammary tumors of mice. On 
of the necessary participants in the productio 
of this tumor is a filterable virus known as ‘mam 
mary tumor inciter.’ Several workers have foun 
virus-like particles in the tumor cells. These vi 
rus-like particles may be either within the cyt 
plasm of the cell or projecting from the cells in 
way essentially analogous to the pathologica 
microvilli produced by the respiratory viru 
(figs. 9 and 10). Since microvilli are common 
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present on a variety of cells lining fluid-contain- 
ing cavities, we may expect that this mechanism 
of escape of viruses from cells may occur in a 
variety of situations. Indeed, this was pointed 
out several years ago by Robinow when he called 
attention to the presence of vaccinia virus at the 
end of long stalks of cytoplasmic material in 
tissue culture (31). 

The complex ultrastructure of cilia at the sur- 
face of cells has been recently described by Faw- 
cett and Porter (32). Important and obvious 
questions are: How much destruction of cilia may 
be caused by respiratory viruses, and what sort 
of changes may be produced in these types of 
cells without actual cell destruction? The very 
presence of cilia on these cells emphasizes local- 
ization of cellular function and thus justifies our 
interest in cell surfaces in relation to virus growth. 
Since we are emphasizing mechanisms of virus 
release from infected cells, we should remember 
that a number of studies on so-called apocrine 
gland cells, particularly those involved in the 
process of milk secretion, have shown that large 
secretory particles may be pushed out into the 
lumen of the glands and that with this a disinte- 
ration of the cell membrane may occur (fig. 11; 
efs. 33, 34). Cell particles other than the lipid 
nd protein components of the milk should be 
ound freely in the lumen. Thus, we may sup- 
se that virus escapes from such cells without 
roducing detectable pathological changes. We 
ave summarized some ideas of virus release in 
he accompanying diagram (fig. 13). 

It should be emphasized that although there is 
greement concerning the limitation of the effect 
f some of these viruses to the surface of the 
ell, this is not true of all strains of these same 
ruses. A virulent strain of Newcastle virus 
estroys the cells and progresses through the 
llantoic cells into the blood vessels. The micro- 
illi are often intact on top of a disintegrating 
ell. The mitochondria of the leucocytes and of 
he endothelial cells of blood vessels are swollen 
nd those cells also disintegrate (26). A morpho- 
gical representation of the difference between 
virulent and an avirulent strain emphasizes the 
apacity of the virulent virus to destroy the cell 
nd spread through the tissue by direct progres- 
on from cell to cell. This results in penetration 
to the capillaries and a subsequent viremia. The 
virulent strain fails to destroy the cell and es- 
pes only at the free surface into the allantoic 
¢ (fig. 14). Thus, one would expect that both 
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virulent and avirulent strains would attain simi- 

lar high titers within a fluid medium such as the 

allantoic sac but that the virulent strain would 
be found in high titer throughout the embryo. 

This was found to be so (35). 

This hypothesis of surface changes was tested 
in tissue cultures, and it was shown that both 
the avirulent and virulent strain will destroy cells 
when a large surface is presented to the virus; 
but, as expected, the virulent strain is much more 
effective and kills the cells quickly. The avirulent 
is slow and does not usually destroy macro- 
phages (36). 

The pox viruses, including fowl pox, vaccinia, 

and several others, grow in the cytoplasm and 
are sometimes contained within lipid inclusions. 
This was most strikingly demonstrated by Good- 
pasture in the case of fowl pox years ago (37). In 
the case of vaccinia, Bland and Robinow’s evi- 
dence (8) that the inclusions of virus actually 
consist of colonies of virus particles has been 
confirmed. The fine structure of such virus par- 
ticles in the cells themselves has been beautifully 
illustrated by Morgan (38). Changes in the mito- 
chondria and an association of some of these 
virus particles with mitochondria (39) has not 
been apparent in the later studies (38, 40). How- 
ever, no series of infected cells followed over a 
period of time has been reported, and this point 
remains unsettled. We may summarize by saying 
that this group of viruses grows readily in the 
cytoplasm and that their major effect is limited 
to that area. 

Abnormal mitochondria as seen in the electron 
microscope have been found in cells infected with 
mammary tumor inciter, in some cases of mouse 
hepatitis and in chick embryos with herpes (figs. 
12, 15, 16). This finding emphasizes the difficulty 
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Frag. 13. Mechanisms of virus release from cells. 
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of interpretation of an abnormal localization of 
enzymes within the mitochondrial fraction of 
tumor cells. The morphological changes in the 
mitochondria might be reflected in leakage of 
enzymatic activity either in or out of the mito- 
chondria. 

The specificity of these lesions in the mito- 
chondria is by no means clear. Swelling and 
disintegration of mitochondria were described 
many years before the electron microscope ex- 
isted. Now, higher resolution affords more de- 
tailed observation. With the electron microscope 
Rhodin has shown that the mitochondria of the 
kidney change markedly when albumen is ex- 
creted (41), and Weiss has shown that mito- 
chondria close their folds and develop vacuoles 
and form the nidus for intracellular inclusions 
after neutral red is given (42). 

Eastern equine encephalomyelitis, a small but 
destructive virus, has been followed primarily in 
tissue culture. It may be found apparently grow- 
ing both at the edge of the cell and within the 
cytoplasm itself (figs. 17 and 18). Whether it 
derives sustenance from the ergastoplasm has not 
been determined. However, no selective effect of 
this virus on mitochondria’has been observed. 

Knowledge concerning the structure of the nu- 
cleus itself has not been greatly increased by 
electron microscopy. Although the nucleolus has 
a complex structure in many cells, it appears as 
a structureless diffuse mass. An increase in size 
of the nucleolus under a variety of conditions, 
including some virus infections, has been observed 
in living cells, and in the case of fowl plague, the 
‘inclusion’ contains many particles similar in size 
to the virus. In fowl pox, the normal amorphous 
nucleoli of the chick chorio-allantoic membrane 
epithelial cells are changed into peculiar coiled 
structures (43). There is considerable structural 







Fia. 14. Differential penetra. 
tion of virulent and avirulent 
Newcastle. 




























similarity between this change and that described 
as unfolding of the nucleolus, which is brought 
about by the treatment of tissue culture cells 
with adenosine (44, 45). 

The identification of virus particles, in particu. 
lar in relation to the nucleus, is not without 
hazard. The finding by Gall of great numbers of 
small, uniform particles on the surface of th 
nuclei of oocytes of amphibians (46) should wam 
us that much of what is normal is still not known. 

The study of herpes virus in cells has offered 
one of the greatest difficulties. T. McNair Scot 
and co-workers have for several years pointed ou 
that changes within the nucleus may be see 
early in the infection of the cells with this vi 
and they believed that the evidence of the accu 
mulation of DNA within the infected. sucle 
was evidence of intranuclear growth of virus (47) 
The typical eosinophilic inclusions develo 
later. Early attempts at electron microscop| 
failed to show the virus particles within t 
nucleus (39) but recent studies of Morgan et 
(48) and of DeReissig and Melnick (49) hai 
shown particles which are characteristic of vi 
in appearance. These are clearly within the n 
cleus and are present in clumps concentra 
along the inside of the nuclear membrane. Fu 
ther evidence of the intranuclear localization 
of the virus has been presented by Scott (50) wh 
showed that when cells are fractionated early | 
the infection there is a much greater concent 
tion of virus in the nucleus than when the fra 
tionation is done later on disintegrating cells. T 
types of changes produced in tissue culture cel 
have been summarized in figure 19. 

The most striking example of intranuclear | 
calization is that of human warts. Buntin 
showed several years ago that masses of virls 
like particles could be obtained from some 
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Fig. 19. Types of changes produced in tissue culture by different viruses. 1, Rous virus—based on 


unpublished data of Lo, Sapras, and Gey. 
(9). 4, Diagram of figure 18. 


these by centrifugation. Electron microscope ex- 
amination of sections of these warts has shown 
that almost the entire nucleus is replaced by 
virus particles (51). 

Thus, it seems likely that some viruses grow 
readily within the nucleus, but we cannot yet 
tell whether the primary localization is intranu- 
clear or whether the viruses grow readily in both 


‘cytoplasm and nucleus. The newer techniques, 


by which cells may be studied both in the living 
state and at ultra-resolutions, are beginning to 
give us new information concerning the relation 
of the virus and the cell. However, no matter 
how clear the effect of virus may be, virus it- 
self is seen only if it is present in the cell in 
large amounts. In some of the problems of cellu- 
lar pathology such as cancer the effect of a par- 
ticular virus which is known to cause a particular 





tumor may occur in the absence of large amounts 
of virus. Indeed, a balanced condition between 
the virus and the tumor cell would almost pre- 
Suppose a limited number of virus particles. 

In summary, the pathologist who examines the 





2 and 8, Encephalitis—based on data of Bang and Gey 
5, Based on data of De Reissig and Melnick (49). 


cell can today speak of lesions of the surface of 
the cell, of destruction of pseudopods, of changes 
in the mitochondria, of virus within the nucleus, 
even of changes in the nucleolus. In relation to 
virus infection these changes are definite and 
clear, but the degree of specificity remains to be 
determined, and is an ever present challenge. 
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OR A NUMBER of years in the past, many bio- 
biochemists and cytologists had only one thing in 
common: they were both dealing with cells. The 
biochemist was dedicated, for example, to the 
se app Purification of enzymes and the elucidation of the 
1954, | complex series of chemical reactions taking place 
sp. 87:8 in cellular metabolism, while on the contrary, the 
cytologist confined his interests to the morpho- 
logical aspects of intracellular structures. Except 
sral Or) for some hypothetical considerations, the obvious 
crux of the whole matter, i.e., the metabolic 
function of individual cell structures, was too often 
ignored, for at least one rather sad reason: the 
955, biochemist had inadequate training in cytology 
J. Imngand the cytologist inadequate training in bio- 
hemistry. As a result, neither science was given 
, 1952. Kerious consideration by the proponent of the 
‘rwissel'@other and there was a notable lack of collaborative 
effort. A somewhat analogous situation has oc- 
1954. ; : 
ANK angeutted in every other branch of experimental 
). biology, whether it be physiology, pharmacology, 
Lose aN@putrition, or pathology; thus in almost all in- 
5, 1954. Btances the fact cannot be escaped that the 
J. Expe@ynamic aspects of the activity of intracellular 
structures are being recorded and that further 
nformation is needed on the role played by 
 & Megnese structures. 
With the development of cytochemical meth- 
ds (1-3), however, a beginning has been made 
oward the study of the relation between cell 
ructure and cell chemistry. In terms of method- 
logy, cytochemistry is still in its infancy; within 
e last 2 years, moreover, it has entered a new 
nd difficult phase. Whereas the limited resolving 
ower of the light microscope has for some time 
llowed the cytochemist a great deal of latitude 
h the interpretation of his data, the more recent 
mprovements in techniques of electron micros- 
ppy (4-7), so ably demonstrated by Dr. Porter, 
ave now pinned the cytochemist down. As you 
ave seen, there is within the cell an array of 
mplicated, highly organized structures that 
innot be clearly resolved by light microscopy. 
you are willing to agree that the method at 
sent most capable of producing extensive 
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RELATION BETWEEN CELL STRUCTURE AND 
CELL CHEMISTRY 


GrorcE H. Hogesoom anp Epwarp L. Kurr 
From the National Cancer Institute, National Institutes of Health, Bethesda, Maryland 


cytochemical data is the isolation of intracellular 
structures by means of the centrifugal fractiona- 
tion of broken cell suspensions (1, 2), then it must 
be obvious to you that the cytochemist is faced 
with some new problems. Since the sedimentation 
rate of a particle depends not only upon its size 
and shape but also upon its density, we may 
justifiably be asked, for example, whether isolated 
and presumably homogeneous preparations of 
microscopically visible structures (e.g., cell 
nuclei and mitochondria) are not extensively 
contaminated by particles of smaller size and 
greater density. We may also be asked what, 
from a cytological standpoint, is the composition 
of the so-called microsomal and soluble frac- 
tions of the cell. In answer to these questions, we 
can only say that the first poses a problem that 
may require some reinvestigation, and the second 
raises a point on which most of us have, fortu- 
nately, been non-committal (8, 9). 

I might say in passing that although the elec-- 
tron microscopist has placed us in a difficult 
position, he himself is not exactly lying in a bed of 
roses. Thus, he too is dependent essentially upon 
a single technique of experimentation and is 
frequently faced with troublesome problems of 
interpretation. It is probable, however, that many 
of the present deficiencies and disagreements in 
electron microscopy will soon be resolved. During 
this period of rapid expansion in the knowledge of 
the fine structure of the cell (10-14), we, as cyto- 
chemists, must attempt to keep pace with the 
new cytological developments through a con- 
tinued correlation of our chemical data with the 
latest morphological observations. In some in- 
stances, it is perhaps a little too early to make 
this attempt. The least that we can do now, how- 
ever, is to appraise critically our present results, 
redefine our problems in the light of current cyto- 
logical data, and try to find new and more 
definitive routes of experimentation. 

It is therefore evident that the cytochemist 
must follow the lead of the cytologist, and must 
realize that data pertaining to the biochemical 
properties of a preparation of isolated cellular 
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particles have little cytochemical significance 
unless two important questions can be answered. 
First, what do the particles represent in terms of 
the organized structure of the cell and, second, 
what is the state of integrity and purity of the 
particles after isolation? 

Since it is customary in summaries of this type 
to discuss each cell structure individually, the 
most obvious place to begin is with the nucleus. 
A number of methods, involving both aqueous 
solutions and organic solvents, have been devised 
for the isolation of cell nuclei (15-17). As far as we 
are aware, however, only one of these techniques 
has included quantitative cytological evidence 
for the purity of the preparations (15). In all 
other instances, the tests for homogeneity have 
been based mainly on cursory examination of the 
preparations in the optical microscope, a proce- 
dure that leaves much to be desired from the 
standpoint of objectivity and quantitation. In 
attempting to assess the data obtained from 
investigations of isolated nuclei, it is immediately 
evident that the role of the nucleus in cellular 
metabolism is obscured by lack of information 
concerning the permeability of the nuclear mem- 
brane. It has been claimed by Dounce et al. (16), 
Allfrey and his collaborators (17), and others (18) 
that the nuclear membrane is a relatively per- 
meable structure, permitting in aqueous media 
the escape of water-soluble compounds, including 
proteins and substances of lower molecular 
weight. In order to avoid this difficulty, a proce- 
dure patterned after that originally described by 
Behrens (19) has been used for the isolation of 
cell nuclei. The tissue is dessicated in the frozen 
state, suspended in organic solvents of low polar- 
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Fig. 1. Sedimentation diagrams obtained with 
monodisperse materials of widely different size 
ranges. For experimental details see text and 
ref. No. 44. 
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ity, and the nuclei isolated by centrifugation, , 
Although this technique has a number of defects 1 
with respect to yield, determination of homo-} ; 
geneity, morphological integrity, and preserva-f 
tion of enzymes and other proteins in theirf ¢ 
native state, it should, at least in theory, prevent p 
the extraction of water-soluble compounds. Un. 
fortunately, however, the procedure has not 
yielded data indicating exclusive localization off j, 
anything other than desoxyribose nucleic acid§ 
(DNA) in the nucleus. These findings have g jp 
bearing on the philosophy under which one oper}, yj 
ates in cytochemical experimentation. It is oul ¢h 
belief that the mere existence of specific intracelf th 
lular structural entities is a reflection of a specifi di 
biochemical organization, and we would therefor he 
expect to find that many compounds of biocheng p}; 
ical importance are sharply localized within tha ’ 
cell. Although this concept has been amply jus pla 
tified by studies of isolated mitochondria, onlfl eer 
two substances appear to be localized exclusivel oy 
in isolated nuclei, namely, DNA and the enzymfobg 
that synthesizes diphosphopyridine nucleotidifie; 
(20). The latter enzyme may, in fact, be nucleolificha 
in origin (21). A number of other enzymes hawmey 
been discovered in varying concentrations ifitive 
isolated nuclei (22, 23), but the significance @tion 
these investigations is difficult to interpret in tlharr 
absence of concrete evidence of homogeneity @We 
the preparations. As a matter of fact, in an ihe 
stance where the homogeneity could -be objelifact 
tively established, it was demonstrated that tifoun 
enzyme systems previously found in_isolatéhble. 
nuclei were actually localized in other celluiy fs 
particles contaminating the preparations (15). 0-3 

It should be mentioned, however, that despif&xpey 
observations with the light microscope indicatif®hon 
that the nuclear membrane is a solid, continu th 
structure, there is some evidence from electiind ; 
microscopy that it may be interrupted here aifhe K 
there by a series of minute pores (24, 25). In fhent; 
electron micrograph of a thin section of molient , 
liver prepared by Dr. A. J. Dalton (25), sevelfthe so 
pores in the nuclear membrane are clearly visibound 
and at one site the interruption in the membrifhemh 
appears to take the form of two small ergas#ectioy 
plasmic vacuoles. The implications of this ob## As 1 
vation are certainly .far-reaching. Thus, itfonsist 
possible that intranuclear material may be hemby 
direct contact with the cytoplasm and that teent] 
so-called nuclear membrane may be derived fron m 
the ground substance of the cytoplasm. This, fmouns 
course, leaves us in somewhat of a dilemma, #ucty 
that it could lead to the conclusion that hg th 
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method for the isolation of nuclei is capable of 
yielding a true picture of their chemical consti- 
tution. Nevertheless, it should be remembered 
that electron microscopy has its vagaries and that 
there is evidence for the existence of a continuous 
nuclear membrane from other investigations. 
Furthermore, at least one water-soluble enzyme 
(the DPN-synthesizing enzyme) is sharply local- 
ized in isolated nuclei (20), and there is indirect 
evidence that the nucleus plays a prominent role 
in other synthetic reactions, notably that of 
ribose nucleic acid (26, 27). One is led to wonder, 
; 18 OWN therefore, whether a more coherent knowledge of 
ntracel§ the biochemistry of the cell nucleus remains to be 
specifi discovered. At any rate, perhaps it would be 
hereforg better for all concerned if we turned to the cyto- 
iochem plasm. 

thin tg The most prominent component of the cyto- 
‘ply ju¥plasm, at least as far as light microscopy is con- 
‘ia, onlcerned, is, of course, the mitochondrion. Both 
slusivel§cytochemical (8) and electron microscopical 
-enzyligobservations (4, 5) have established the speci- 
icleotifficity of this cytoplasmic structure. There is bio- 
nucleoliichemical evidence that the double mitochondrial 
nes haimembrane demonstrated by Dr. Porter is rela- 
tions tively impermeable, remains so after cell disrup- 
icance @tion, and in many instances actually forms a 
ret in tibarrier between substrate and enzyme (28, 29). 
eneity @We shall not dwell at length on a reiteration of 
in an ithe biochemistry of mitochondria, despite the 
be objéfact that this information is derived from the 
that tioundest cytochemical data that are now avail- 
_ isolattfAble. The subject has, within the last few years, 
r cellu™n fact, been reviewed almost to death (8, 9, 
s (15). B0-32). Suffice it to say that there is sound 
at despixperimental evidence indicating that the mito- 
indicatif#hondrion is the center of the respiratory activity 
ontinud@f the cell, in its content of cytochrome oxidase 
n electifind most of the enzymes within and related to 
1 here a@#he Krebs tricarboxylic acid cycle. Other experi- 
25). Infhents (33-35) have shown that at least 50 per 
of molent of the mitochondrial protein is present in 
5), sevelghe soluble state, the remainder being structurally 
rly visil§ound, perhaps to the internal mitochondrial 
membrifembranes seen in electron micrographs of thin 
ll ergas¥ections. 

this ob As you have seen, the rest of the cytoplasm 
‘hus, itfonsists of a series of vacuoles, granules, and 
may befiembranes that have been recognized only 
1d that "eently through the newer techniques of elec- 
erived {fon microscopy. There is, in fact, a considerable 
m. This,fmount of debate as to the exact nature of these 
lilemms, @uctures. Many of the smaller granules, inclu- 
on that $hg those first described by Palade (36, 14) and 
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Fig. 2. Upper curves: Sedimentation diagrams 
of the succinic dehydrogenase activity of rat liver 
cytoplasm. From top to bottom, the rotational 
speeds were 3148, 4790, 6158, and 14,290 rpm. The 
time of centrifugation was 45 min. for the 6158 rpm 
run and 35 min. for the others. The average tem- 
perature was 4°. Lower curves: Concentration in- 
crement curves, translated from the sedimenta- 
tion boundaries and showing the range of particle 
sizes observed (assuming a particle density of 
1.2). For experimental details, see text and ref. 46. 


later by Sjéstrand and Hanzon (37), are of a size 
range corresponding to that of protein molecules 
and therefore may actually be in solution. In 
addition to these structures there is, in liver, a 
rather diffusely localized system of vacuoles, 
small granules, and double membranes that are 
extremely dense to the electron beam, particu- 
larly if fixation with buffered osmium tetroxide is 
followed by impregnation with unbuffered os- 
mium tetroxide (38). This reaction is character- 
istic of the staining properties of the Golgi 
apparatus in other tissues where that structure is 
better defined (39), and the question arises as td 
whether the liver cell possesses a Golgi apparatus 
according to the classical definition. 

If one assumes that the smaller cytoplasmic 
structures seen in electron micrographs do not 
vary greatly in their specific gravity, it is probable 
that most of them will appear in the microsomal 
fraction obtained by high speed centrifugation of 
tissue homogenates. That this fraction can be 
markedly heterogeneous, both chemically and 
structurally, is thus evident (8) and has been 
indicated by work in other laboratories (40-43). 
Furthermore, it should be noted that the size 
range of some cytoplasmic vacuoles overlaps that 
of small mitochondria. This fact suggests that the 
mitochondrial fraction itself is not as homo- 
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Fig. 3. Upper curves: Sedimentation boundaries 
of the ribose nucleic acid of rat liver cytoplasm. 
The rotational speeds varied between 4790 rpm 
for 35 min. to 39,460 rpm for 65 min. and the aver- 
age temperature was 4°. Lower curve: A composite 
concentration increment curve, translated from 
the sedimentation boundaries and showing the 
range of particle size observed (assuming a par- 
ticle density of 1.2). For experimental details, see 
text and ref. 46. 


geneous as we previously supposed and could 
offer an explanation for the finding that some 
enzymes are not sharply localized in preparations 
of isolated mitochondria but are distributed, for 
example, between mitochondria and microsomes 
(8). 

In order to carry out a biochemical study of the 
components of the cytoplasm, we have utilized a 
new technique of centrifugation, suitable for the 
attainment of high centrifugal forces and pro- 
viding for a minimum of convectional disturb- 
ance (44). Homogenates of liver are first freed of 
nuclei and then centrifuged in a cylindrical tube 
in a horizontal, swinging-bucket type of pre- 
parative rotor (Spinco, Model SW-39). The fluid 
column is sampled at successive levels from top to 
bottom, and biochemical analyses are carried out 
on the fractions obtained. A sedimentation curve 
is constructed from the analytical data. 

Several remarks in regard to the technique are 
in order. A slight density gradient within the fluid 
column is required to prevent undue convection 
during deceleration of the centrifuge. For this, we 
have used a medium consisting of hypertonic 
sucrose ranging linearly in concentration from 
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31% at the bottom of the fluid column to 27% at F ’ 
the top. Although we are by no means satisfied f § 
with the medium, hypertonic sucrose was chosen } ¢ 
because it preserves the morphological integrity | 
of mitochondria and does not induce aggregation § § 
of particulate material (2). One of the main diffi. F 
culties in the procedure lies in the fact that the} ¢4 
interpretation of sedimentation curves con- 
structed from the sampling data requires ex- pe 
treme analytical precision. This, of course, is not§ ¢h 
a simple problem when one is dealing with the of 
assay of enzymes (45). 

In order to demonstrate the suitability of the 
method for particles of widely different size 
ranges, an initial study was made of the sedimen-§ gp 
tation behavior of a number of essentially komo mi 
geneous materials varying in size from that offi the 
the bovine albumin molecule, 60 A in diameter, tof the 
that of the polystyrene latex particle, 2600 Ai sign 
diameter (44). In all instances, as shown in figurfloth 
1, reasonably sharp sedimentation boundariegme; 
were obtained. In this figure, the open circlefipar 
represent bovine albumin, the closed circlegig.gg 
polystyrene latex, the closed triangles rat livefeata 
catalase, and the open triangles lobster hemofehro 
cyanin. The rotational speeds varied from 615@(DP 
rpm for polystyrene latex to 39,460 rpm for thidist) 
smaller proteins, and the initial concentration dhe | 
sedimenting material ranged between 0.01 anfhyer 
0.1%. 46). 

When the method was applied to the cytihand 
plasmic particles of the liver cell, the boundariegipain 
as might be expected from morphological studiagfistr: 
were much more diffuse. Figure 2, for exampli@onta 
shows the sedimentation boundaries obtained i@# In 
several runs at different speeds, of succinic dehifire g 
drogenase, a property of mitochondria (46). Tilicles, 
lower portion of the figure represents a transiffathe) 
tion of the boundaries into standard incremeliitics, 
curves, indicating the range of particle sia par 
assuming a particle density of 1.2 and a spherid™hen 
shape. It is evident that the increment curvéise o; 
demonstrate the presence of a single family @byio 
particles with radii centering about 0.2 to 0.24@ion o 
The fact that all increment peaks do not coinel4 yhich 
is probably due either to slight differences in tio be ¢ 
conditions of successive experiments or to vat The 
tions in the size of mitochondria from animal fre tly 
animal. In any event, the average observed ra@§ing in 
correspond to the known dimensions of liv@articy 
mitochondria. It may also be noted that 
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range of particle size is very wide, a few of tprese; 
mitochondria having a radius of 0.1 yw or letiry ge 
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That this is not an artifact is indicated by the 
finding that extremely small filamentous mito- 
chondria can actually be seen in the upper frac- 
tions after centrifugation of the fluid column. 
Small mitochondria can also be seen in fixed 
sections of liver, particularly in the non-paren- 
chymal cells. 

The picture given by the small cytoplasmic 
particles is much more complex. Figure 3 shows 
the distribution of ribose nucleic acid in a series 
of sampling experiments carried out at suc- 
cessively higher speeds, from 30 minutes at 4790 
rpm to 1 hour at 39,460 rpm (46). It can be seen 
that the low speed run demonstrated a small but 
dimen-§ appreciable rise in increment in the region of the 
liomo-§ mitochondria. It may be noted that in the past, 
that off the small amount of ribose nucleic acid found in 
eter, t¥the mitochondrial fraction has been of doubtful 
0 A iil significance because of the possible presence of 
n figurfother cellular particles (47). Three other incre- 
ndariefment peaks that are also present correspond to 
circleiparticles having approximate average radii of 
circleg9.025, 0.05, and 0.1 u. The enzyme system that 
at liveficatalyzes the transfer of electrons between cyto- 
r hemofchrome c and diphosphopyridine nucleotide 
ym. 615§(DPN-cytochrome reductase) has much the same 
for th@distribution as does ribose nucleic acid, except for 
‘ation (@the fact that the RNA-containing particles of an 
).01 atfverage radius of 0.1 w are apparently inactive 
46). Most of the acid phosphatase, on the other 
he cyt@hand, is confined to the latter particles, the re- 
indarie@nainder of the activity being rather diffusely 
| studiefflistributed (46). Uricase activity is entirely 
exampi@@ontained in the 0.1 u radius particles (46). 
tained @ In general, these data demonstrate that there 
nic dehjre several distinct classes of cytoplasmic par- 
(46). Tiiicles, each of which, under present conditions, is 
, transifather polydisperse in sedimentation character- 
ncrememtics. Furthermore, it is evident that the groups 
cle siz#@f particles overlap to an appreciable extent even 
spheridfhen high resolution is obtainable through the 
nt curv@se of a horizontal centrifuge. It is therefore 
family @bvious that previous methods for the fractiona- 
to 0.24@ion of cellular particles in the angle centrifuge, 
¢ coinci#hich gives relatively poor resolution, leave much 
ces in tio be desired. 
to vatil The techniques of centrifugation can thus be 
animal freatly refined, but we are nonetheless still opera- 
rved ring in the dark from a morphological standpoint, 
s of livfarticularly when dealing with particles smaller 
that “han mitochondria. What, then, do these particles 
few of present in terms of cell structure? As a prelimi- 

p or leftry gesture in this direction, we have examined 
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in the electron microscope two fractions, that 
containing the particles of 0.025 and 0.05 uw in 
radius and that containing the particles of 0.1 u in 
radius. The fractions were fixed by the addition of 
neutral, buffered osmium tetroxide, dehydrated 
in ethanol, and imbedded in plastic. Thin sections 
were then cut and examined in collaboration with 
Dr. A. J. Dalton (48). We should hasten to say 
that the procedure employed was not entirely 
satisfactory, for at least two reasons. It was not 
possible to be certain that alterations did not 
take place during the procedure of fixation and 
imbedding, and difficulties were encountered in 
obtaining truly representative pictures of the 
fractions. The latter problem arose as a result of 
the fact that it was necessary to centrifuge the 
particles after fixation and during dehydration 
and imbedding. As might be expected, the fixed 
particles sedimented at a rate in accordance with 
their size and density and formed a pellet con- 
sisting of several distinct layers. At any rate, the 
larger particles, i.e., those of a radius centering 
about 0.1 uw (again assuming a density of 1.2) 
appeared to consist predominantly of ergasto- 
plasmic membranes in the form of spherical 
vesicles, with many of the tiny granules described 
by Palade (39) still attached to the membranous 
structures. The slower sedimenting particles 
(those of a calculated radius of 0.025 and 0.05 pu) 
consisted mainly of vacuoles, some of which were 
larger, and therefore probably of a lower density 
than predicted. Although this fraction was cyto- 
logically inhomogeneous, it may be noted that 
many of the structures appeared to have double 
membranes and were rather dense to the electron 
beam. As we indicated earlier, these morphologi- 
cal characteristics suggest that the elements of 
the so-called Golgi apparatus were present. 
Nevertheless, in view of the heterogeneity of thé 
preparation, it would be foolish of us to conclude 
definitively at this time that the particles that 
are rich in RNA and DPN-cytochrome reductase 
actually represent the Golgi substance, this 
despite the finding that the better defined Golgi 
apparatus of epididymus appears to contain a 
high concentration of RNA (49). 

It is our hope that this summary will give you 
some idea of the current status of cytochemistry, 
at least insofar as cell fractionation experiments 
are concerned. As you can see, although the 
picture is at present not an altogether happy one, 
there is reason to believe that in the near future 
a knowledge of the relation between cell structure 
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and cell chemistry will be much more complete 
and will lead to an understanding of phenomena 
occurring in other areas of experimental biology. 
As far as our specific approach to cytochemical 
problems is concerned, several facts stand out. 
Recent techniques in centrifugation will cer- 
tainly result in improved methods for the isola- 
tion of cellular structures, and recent advances in 
biochemistry will be of great aid in pointing 
toward metabolic reactions that warrant further 
study. We have the uncomfortable feeling, on the 
other hand, that the proper medium for the 
preservation of cell structures in the isolated 
state has yet to be discovered. Finally, it has 
become obvious that the cytological aspects of 
our problems require a great deal more emphasis, 
through joint efforts on the part of the biochemist 
and the cytologist. 
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NEIDER, 
| locke I, HAS LONG been recognized that fats and oils length of survival during fasting (as related to fat 

"(constitute foodstuffs possessing the highest in the previous diet) and nitrogen metabolism. 
rch. Infealoric density. Until quite recently, they have Finally, it will be shown that the EFA are con- 





been classified as optional components of the diet. 
As late as 1920, Osborne and Mendel (1) stated 
hat “if true fats are essential for nutrition during 
growth, the minimum necessary must be ex- 
Ne DERseeedingly small.” This opinion was expressed less 
han 10 years before the discovery by Evans and 
NEIDER@Burr (2) and prior to that of McAmis, Anderson, 
pnd Mendel (3), of the essential role of fat in the 
, 1953. el 

‘xp. Cdl liet. These preliminary observations were fol- 
owed by the classical studies of the Burrs, which 
press. Mesulted in the recognition of linoleic, linolenic, 
J. Andli§nd arachidonic acids as the essential fatty acids 
__ (§EFA).? The early work in this field was sum- 
“? 5 sarized in the first volume of FEDERATION PRo- 
‘ EDINGS by G. O. Burr (4); the most recent 
mmaries have been those of the present author 
nd his collaborators, and of others (5-9). The 
y. ArdMhilure of Osborne and Mendel (1) to recognize 
he necessity of fat for the growth of the rat may 
e due to the tenacity with which the EFA are 
J. Bidgetained in the tissues during subjection of the 
himals to fat-free regimens, and hence to the 
xD M. @rolonged interval that is necessary before fat- 

955. — Eeficiency symptoms can be demonstrated. 
Biophi In the present discussion, the importance of fat 
unerpe the diet will be reviewed, not only as reflected 
e Nuclei the development of fat-deficiency symptoms, 
955. talso.as related to the performance of such im- 
p G. Mortant physiologic functions as growth (which is 
ail E pnsidered along with the efficiency of food 
iii ilization and associative dynamic action), sex 
aturation, pregnancy, lactation, work capacity, 
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"EFA is used as an abbreviation for ‘essential 
ty acid(s).’ 


639 


cerned with protection from x-irradiation injury, 
that the capillary permeability of the skin vessels 
is related to the ingestion of EFA, and that 
cholesterol deposition in the liver increases with 
dietary EFA deficiency. All of these data, relating 
the important physiologic functions to the dietary 
fat as a whole or to the proportion of EFA avail- 
able, would seem to offer circumstantial evidence 
for the essential role which fats and oils play in 
intermediary metabolism. 


PHYSIOLOGIC FUNCTIONS RELATED TO FATS AND 
OILS IN GENERAL 


Growth. The rate and efficiency of growth have 
been the bases for evaluation in most studies on 
the nutritional value of foodstuffs. Although 
Osborne and Mendel (1) could not demonstrate 
on the basis of growth studies that fats are re- 
quired in the diet, most recent tests have indi- 
cated a more intense rate of growth on fat diets 
as compared with that when fat-free regimens are 
employed; moreover, in a number of cases, 
progressively higher gains-in-weight have been 
noted in young rats when they were fed diets con- 
taining increasing proportions of fat. Tables 1 and 
2 list the experimental data comparing growth on 
diets containing varying fat levels when ad 
libitum feeding and paired-feeding technics, re- 
spectively, were employed. 

In most cases, the best growth has been ob- 
tained on diets containing 20-40% of fat by 
weight. In fact, the author (17) has suggested 
that the optimum level of fat in the diet as esti- 
mated from these tests would be approximately 
30% by weight, or 50% on the basis of caloric 
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TABLE 1. COMPARATIVE GAIN-IN-WEIGHT OF YOUNG 
RATS FED DIETS CONTAINING SEVERAL LEVELS OF 
FAT WHEN DIETS WERE GIVEN AD LIBITUM 


Growth Response as 


Fat Fed Related to Fat Level Ref. 

Lard (4 types) 30% and 55% > 5% = (10) 

Steam-rendered lard 30% > 15% and (11) 
54% > 5% 

Cottonseed oil or 20% > 40% > 14%, (12) 


10%, 5% > 0% 


value. Scheer et al. (18) likewise observed that 
when weanling rats were stunted for 12 weeks by 
a drastic restriction in food intake, and the 
animals were then given diets ad libitum con- 
taining the several fat levels, markedly superior 
growth was noted in those receiving the 10%, 
20%, and 40% fat diets as contrasted with those 
on the 0% or 5% fat levels. The increased po- 
tentiality in growth was particularly noted in the 
high-fat diets during the 9-12-week period fol- 
lowing the restricted diets. 

One might attribute the superior growth-pro- 
moting results obtained with the higher fat intake 
to a greater caloric consumption, since in many 
cases the diets were not isocaloric. Under such 
conditions, a higher caloric intake could be 
effected by the ingestion of the same amounts of 
high-fat diets as of low-fat regimens. However, 
this explanation does not account for the greater 
weight gains which have been observed where a 
paired-feeding technic was employed, and in 
which isocaloric diets were used (14, 19). One 
must look beyond the question of caloric intake 
for the explanation of the greater growth of rats 
on fat diets. 

A better explanation for the superior effect of 
fat diets on growth is that this foodstuff exhibits 
a greater efficiency of utilization than do other 
foodstuffs. Swift and Black (20) reported that 
there was an increase in retained calories when a 
higher proportion of fat was fed, as a result of a 
reduced loss of calories as heat from the body. The 
pathways of the heat loss, when diets containing 
different proportions of fat were fed, are sum- 
marized in table 3. 

The higher efficiency of fat calories appears to 
be the result of reduced heat loss on the higher fat 
diets. This phenomenon was discovered by Forbes 
and Swift (21), and was referred to as “associative 
dynamic action.” Although Murlin and Lusk (22) 
had postulated that, in the case of the dog, the 
specific dynamic action of glycine, glucose, and 
fat was additive when the calorigenic agents were 
given together as well as when they were given 


margarine fat 


FEDERATION PROCEEDINGS 





Volume 14¥ jj 


TABLE 2. COMPARATIVE GAIN-IN-WEIGHT OF YOUNGBT; 
MALE RATS FED DIETS CONTAINING SEVERALD py 
LEVELS OF FAT WHEN PAIRED-FEEDING was} p 
EMPLOYED 

Growth Response as Related 
























Fat Fed to Fat Level Ref. 
Lard (Isocaloric 30% > 10% > 5% > 2% (13) spn 
diets) ¢ 
Lard 30% > 10% > 2%* (14) 8 P 
Lard 30% > 2%t (15) p © 

Lard 18%,= 11%,= 5%t (16) 


ef 

*Greater gains at high fat levels associategne 
with decreased heat production. Ir 

t Proportionally better results of high-fat diet@ In 
on low protein (7%), as compared with high prog A‘ 
tein (22%). ne! 

t No statistically significant differences. 
separately, Forbes and Swift (21) recorded opialy 
posite results for the rat. The discrepancy itgsed 
results between these investigators may hav@ata 
been due to the fact that the tests were made ongharh 
different species; however, it is more probablfhaty 
that it is due to the difference in technic enfiont, 
ployed, since the tests on dogs were carried of Th 
over a relatively short period after the foodstufffhat | 
had been fed, while the rat tests were calculateihey 
on the basis of 24-hour respiration experimentifhey 
The greater capacity of fat, as compared witihatu 
that of other foodstuffs, in producing growth ily j 
rats may well be due to the decreased heat prifiven 
duction obtained with increasing proportions @oung 
fat in the diet which results from the reducthlori, 
specific dynamic action (SDA)* under these coiffets ; 
ditions. The various SDA values observed in mil It y 
when comparable amounts of the several fodfoup 
stuffs were fed separately or in combination ha§tabl; 
been presented diagrammatically by Forbes aifited t 
Swift (fig. 1, ref. 21). ent ¢ 

The greater efficiency of fat diets in produciffesen, 
growth and in reducing heat loss has been dema@§ crea; 
strated for the natural triglyceride fat its@rmal 
Whether or not this property is one exclusiv@)% of 
mediated by the proportion of EFA in the fatfquire 
not known. However, it is recognized that it; in 
extent of weight gain in rats receiving differtst re 
levels of EFA is related to the quantity of (9% of 
EFA available. This will be discussed later. §Preg: 

Sex Maturation. The period when maturifmore 
occurs is a fairly precise one; it can be determilipnal y 
with considerable accuracy in the case of quirer 
female from the time of opening of the vagill has | 
Although this physiologic change has not OMfictive 
narily been employed as a measure of nutritio® fat-f 


; prkers 
3SDA is used as an abbreviation for ‘spet! we 
dynamic action.’ 
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YOUNGETaBLE 3. PARTITION OF ENERGY OUTPUT AND 
VERAL gNERGY RETAINED IN RATS RECEIVING ISOCALORIC 
3 WASP pIETS CONTAINING DIFFERENT PROPORTIONS OF 
FAT (20) 
Diets Containing Fat Levels of 
Ref. Category 2% 5% 10% 30% 
(13) #fnergy intake, cal. 
Gross 2854 2854 2854 2854 
(14) Protein 799 799 799 799 
(15) Carbohydrate 1912 1713 1456 657 
f Fat 143 342 599 1398 
(16) Metabolizable calories 2601 2605 2610 2615 
ociate@nergy output, cal. 
In feces 128 - 126 121 13 
at diet In urine 125 123 123 = 116 
gh prog As heat 2195 2165 2154 2155 
nergy retained, cal. 406 440 456 460 


alue, there is no reason why it should not be so 
itased to evaluate the effectiveness of the diet. The 


naturity in the case of the female rat as the fat 
ontent of the diet is increased from 0 to 40%. 

® The results are quite decisive in demonstrating 
at maturation occurs earlier in female rats when 
ey are given a fat-containing diet than when 
Mey are fed a fat-free one. This variation in 
aturition time has been shown to occur, not 
ily in the case of females weaned at 21 days and 


pung rats stunted for 12 weeks by an insufficient 
@ioric intake and then continued on the same 
ets ad libitum. 


ul™ted to the increased rate of growth and develop- 
ent of the immature rat, made possible by the 
esence of fat in the diet. The maturation time is 
bcreased to about the same extent in the case of 
its@rmal rats fed diets containing 10%, 20%, and 
iv@®% of cottonseed oil as compared with the period 
quired with diets containing 0% or even 5% of 
it; in the second group with stunted rats, the 
st results were obtained on diets containing 
% of fat. 

pregnancy and Lactation. Pregnancy provides 


quirements for lactation are still more exacting. 
has been repeatedly demonstrated that repro- 


fat-free diets (23-25). Quackenbush and co- 
itkers (25) recorded that a single dose of 100 
, of ethyl linoleate given 3 weeks before the 
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Fig. 1. Dynamic effects per 1000 calories of gross 
energy of nutrients as affected by nutrient com- 
binations (21). 





animals were bred was sufficient to ensure a 
normal pregnancy. Kummerow et al. (26) like- 
wise attributed the beneficial effect of fat to the 
EFA, since hydrogenated coconut oil was ineffec- 
tive at the 5% level, while corn oil was active. 
Deuel, Martin, and Alfin-Slater (27) also con- 
firmed the necessity of EFA for successful preg- 
nancy in rats, but the requirements found by 
these latter workers were somewhat higher than 
those recorded by Quackenbush et al. (25). 

Although there are a number of negative re- 
ports in the literature as to the progressive im- 
provement in pregnancy and lactation with in- 
creasing proportions of fat in the diet, Scheer and 
associates (18) did find an increase in the number 
of rats and in the total weights of the litters at 3 
days and at 21 days as the proportion of fat was 
increased from 0% to 40%. These data are sum-» 
marized in table 5. 

The data in table 5 indicate that diets contain- 
ing progressively higher contents of fat provide a 
better performance in some cases as regards preg- 
nancy (3-day index) as well as lactation (21-day 
index). The role of the EFA in these physiologic 
functions is discussed later. 

Work Capacity. The ability of tissues to con- 
tinue to function over long periods obviously is a 
most important indication of the nutritional con- 
dition of the host. There does not appear to be 
any question that this capacity is a function of the 
quantity and type of food previously available to 
the animal. Krogh and Lindhard (28) reported 
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TABLE 4. EFFECT OF FAT LEVEL (COTTONSEED OIL) 
IN THE DIET ON TIME OF MATURITY OF FEMALE RATS 


Av. Time in Days to Maturity After 
Start of ad lib Feeding With Diets 
Containing Fat: 


0% 5% 10% UW% 410% 
60.2 49.0 45.5 44.8 44.1 
7.7 9.8 


Group I, 3 wk.* 
Group IT, 15 wk.t 14.7 11.9 10.5 


* Fed ad lib. (12). 
t Twelve wk. on restricted diet, then fed ad 
lib. (18). 


that carbohydrate served more efficiently than 
did fat as a source of energy for muscular work in 
man. These data were contrary to the extensive 
and carefully controlled experiments of Anderson 
and Lusk (29) on dogs, in which an equal effi- 
ciency for the performance of muscular effort was 
indicated when fat or when carbohydrate served 
as the source of the energy. It is not generally 
believed that species variations exist in the 
efficiency of carbohydrate and fat as sources of 
energy. Because of the greater amount of data 
and the ability to establish more precise experi- 
mental conditions in the case of dogs than in 
human cases, it is the opinion of the author that 
the Anderson-Lusk data are the more authori- 
tative. 

More recent tests from two different labora- 
tories have indicated that the capacity of rats to 
continue strenuous exercise is actually improved 
on high-fat diets as compared with that on 
regimens with a lower fat content or on fat-free 
diets. Thus, when swimming with progressively 
increasing loads was employed as the experi- 
mental stress (30), the duration of the swim was 
greater in practically all cases when the animals 
had been receiving a fat diet as contrasted with a 
fat-free diet (12). In some instances, the period of 
the swim was progressively increased when diets 
with higher proportions of fat had been consumed. 
These results are summarized in table 6. 

Samuels, Gilmore, and Reinecke (31) also ob- 
tained a superior work performance in rats, when 
fat diets were employed, by the use of an entirely 
different technic. The experimental animals were 
fed diets containing 80% of fat, carbohydrate, or 
protein for 28 days previous to the test; the 
balance of the diet consisted of vitamins, salts, 
and minimum amounts of the other foodstuffs. 
The animals were subsequently fasted, during 
which period the amount of activity was recorded, 
together with the period of survival. Table 7 
summarizes these results. 

Although the amount of spontaneous activity 
of the rats previously fed fat does not differ 
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TaBLE 5. REPRODUCTION AND LACTATION PERE T) 
FORMANCE OF FEMALE RATS RECOVERING FROVE | 
A PERIOD OF UNDERNUTRITION AND RECEIVING | 
DIETS CONTAINING COTTONSEED OIL AD LIBITUM, 1 
(18) = 

Diets | Ae Av. beni 3 | Av. =" a1 

pe AS Rats/ 

Fat Litter : 5 as 
No. Cont. | Litter Rat Litter Rat 
| % | gm gm gm gm gm [cot 

606* 0 5.3 | 47.6] 8.9 152 | 26.1 
61 5 6.8 (474) 7A 219 | 32.45" 
62 10 1.2 154 | Be 167 =| 278 
63 20 | 8.5 |} COR] 72 230 | 31.8 
64 40 | 8.9 | 72.3] 8.1 283 | 30.6 
* Containing linoleic acid supplement. 

appreciably from that of the group which has te 


been prefed with carbohydrate, there is a markel}hes 
superiority in both groups over the spontaneous * | 
activity of the protein-fed animals. On the othegl2 w 
hand, the physical capacity of the fat-fed group 
as determined from forced activity, is the highesfusl; 
of any of the three groups. This result can be atflowei 
tributed only partly to the increased survivayhic! 
period of the fat-fed group over the groups felj@urir 
carbohydrate or protein. scril 
Survival Time During Fasting. The period duet 
survival of rats subjected to fasting is greatesf{ctio 
when they have received a high-fat diet duringf Th 
the prefast period; the previous consumption dfelate 
either fat or carbohydrate was found to sford ihe | 
more prolonged survival than did protein. The@§amu 
data are summarized in table 7. Brevi 
Roberts, Samuels, and Reinecke (32) also noteliflucos 
that the survival of rats following evisceratioffusly 
was markedly prolonged when they had receiveffort t 
the high-fat diet, as contrasted with the higiffho o 
carbohydrate diet, for 3-6 weeks before thiiydrai 
surgery. The tests were carried out after a 30-hodihatel; 
fast. The average survival time was as follow issue | 
high-fat group, 17.0 hours (5 rats); high-carbi Nitr 
hydrate group, 8.8 hours (6 rats). derec 
The prolonged survival time when the animalarer, 
are prefed with fat, as contrasted with prefeedingusk (; 
with carbohydrate, is to be ascribed to the estalifitake, 
lishment of a different metabolic pattern in tease ; 
first instance. Thus, Roberts et al. (32) record@w ye 
an apparently slower rate of glucose utilizatifhases 
after evisceration in the previously fat-fed grouither | 
and the absence of hypoglycemic symptoms pr One | 
ceding death, although the oxygen consumptiot is th 
was parallel in both dietary groups. It was show! min 
in the case of intact fasted rats, that those previinary 
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| per-§ TABLE 6. WORKING CAPACITY AS DETERMINED BY 
SWIMMING TESTS OF RATS WHICH HAD RECEIVED 

































































/ FROM 

EIVING DIETS WITH DIFFERENT FAT LEVELS FOR 6 or 12 

(BITUN, WEEKS PREVIOUSLY (12) 

= 4 Duration of Swim Using Rats on Diets 

. at 21 Dietary Fat With Fat Content: 

et 0% | 5% | 10% | 20% | 30% | 40% | 50% 
am Male Rats 

~ gm [Cottonseed oil | 641| 769| 850| 846] — |1068| — 
26.1 (39)|(19))(17)|(49)|_—_| (15) 
39 4 Margarine fat 485| — | 806\1174|1065| 876|1122 
27.8 (23) (10)} (8)|(25)} (4)| (10) 
31.8 

| 30.6 Female Rats* 

___—[(ottonseed oil | 546] 802] 777/1062| — | 922) — 

(10)} (6)} (5)) () (3) 

ch | Figures in italics differ statistically from those 

ch Ma btained in the 0% fat group. Figures in paren- 

markeiftheses are number of tests. 

taneous, * Six wk. on diet only. Other groups on diet for 

e othepl2 wk. 

group, 


highes#pusly receiving a high-fat ration had a markedly 
n be atflower susceptibility to insulin than did animals 
surviviaWhich had received a high-carbohydrate regimen 
ups fellfluring the prefast period (33, 34). This effect was 
scribed to a prolonged retention of liver glycogen 
eriod dmlue to the fact that the animals develop a sparing 
greatesmction for this liver glycogen (32). 
, during The variability in utilization of carbohydrate as 
ption dilated to previous diet can be demonstrated at 
sfford fhe level of isolated tissues. Thus, Gilmore and 
1. Theamuels (35) noted that tissues from animals 
previously on the high-fat regimen utilized 
so notefflucose much more slowly than did those previ- 
ceratid@fusly receiving carbohydrate. These results sup- 
receivémort the data of Lundbaek and Stevenson (36), 
he highfFho observed that the diaphragm of the carbo- 
fore thifydrate-fed rat utilized carbohydrate at approxi- 
_ 30-hotifhately twice the rate observed for the comparable 
followfssue from the fat-fed rat. 
h-carli§ Nitrogen Metabolism. It was formerly con- 
dered that fat is entirely ineffective as a protein- 
, animaparer. In the classical experiments of Graham 
refeedilifusk (37), it was found that, on a constant protein 
he estalifitake, carbohydrate, but not fat, was able to de-: 
n in tease the urinary nitrogen. However, in the last 
record@@w years, it has been reported that certain 
tilizatiofhases of protein metabolism are influenced by fat 
od grouther than by carbohydrate. 
oms pt One phase of protein metabolism responsive to 
sumptio@t is the so-called ‘wear and tear quota’ or nitro- 
1s shown minimum. This value is the minimum level of 
se previfinary nitrogen which is produced on a protein- 
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TABLE 7. EFFECT OF PREVIOUS DIET ON SPONTA- 
NEOUS AND FORCED ACTIVITY OF RATS DURING 
FASTING, AND ON PERIOD OF SURVIVAL (31) 


Fat* Carbohydrate* Protein* 

Spontaneous Activity, Cage Revolutions 
2-4 days 6730+915(12) 4040+411(16)  3600-+262(7) 
9-11 days 8800+1020(13)  8660-+1017(14) 7220-+500(4) 
16-18 days 7960+738(7) 8650(3) (0) 


Forced Activity, Cage Revolutions 
19700-+1780(12) 13800-+1630(14) 6465-+-1650(9) 


Survival Time, days 
18.3+0.44(12)  15.5+0.46(13) 10.2+1.68(9) 


Figures in parentheses represent the number of rats in each 
group. 
* Diet for 28 days prior to test. 


free diet. Swanson and her collaborators (38, 39) 
observed that the nitrogen minimum can be pro- 
duced in rats fed the full requirement of a protein- 
free diet, irrespective of whether or not fat is 
present in the diet. However, when the caloric 
intake was reduced to 50% of that required, the 
nitrogen minimum was maintained at a low value 
only if 20% of fat was included in the protein- 
free diet. Even when the caloric intake was 
reduced to 25% of that required, the urinary ni- 
trogen was only slightly increased when fat was 
included in the diet, while it was very greatly 
augmented in the group receiving the fat-free 
regimen. According to Schwimmer and Mc- 
Gavack (40), fat exerts a similar sparing action 
on the level of the nitrogen minimum in man. 
Table 8 summarizes some of the data on rats. 

When rats on protein-free regimens were sup- 
plemented with methionine, there was a smaller 
loss of urinary nitrogen when the diets were ad- 
ministered at 50% or at 25% of the caloric re- 
quirement than in the absence of this amino acid. 
However, here again the greater protein-sparing 
action obtained when fat was included in the 
diet. 

A second instance in which the extent of protein” 
catabolism is reduced by fat (but not by carbo- 
hydrate) has been reported by the Samuels group, 
who used the technic described earlier (31). 
During the period of fasting, following a 28-day 
period during which diets made up almost ex- 
clusively of protein, carbohydrate, or fat had 
been given to rats, the lowest excretion of urinary 
nitrogen was noted in the group receiving the 
fat diet. This may be one factor which enabled 
this group to survive longer. The nitrogen ex- 
cretion per unit of work was likewise found to be 
the least in the previously fat-fed group. These 
data are summarized in table 9. 

Samuels and _ collaborators 


(31) reported 
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TABLE 8. AVERAGE NITROGEN EXCRETION OF RATS 
FED PROTEIN-FREE DIETS WHICH WERE FAT-FREE 
OR CONTAINED VARIOUS PERCENTAGES OF RE- 
QUIRED CALORIC LEVEL (38) 

















% Caloric | Av. Urinary N Dev. From Control 
Requirement | 
| Fat-free 20% Fat Fat-free 20% Fat 
még mg mg mg 
100 «| («185 210 ~95 —85 

7% | 2 263 -61 —47 
50 «| «(594 289 | +311 +24 
25 «| «(818 544. +569 | +254 











that, when the fasting rats were exercised, the 
nitrogen excretion per unit of work was as follows, 
according to the prefast diet: protein, 0.052 + 
0.01 gm/day/rat; carbohydrate, 0.046 + 0.006 
gm; and fat, 0.034 + 0.004. Thus, it would appear 
that the conditioning of rats to high-fat diets 
allows them subsequently to carry out work with 
less destruction of protein stores than when the 
conditioning has occurred with other foodstuffs. 

Other types of experiments have also demon- 
strated that fat may exert a superior action in 
sparing protein. Thus, French, Black, and Swift 
(15) reported a more rapid gain-in-weight and a 
more efficient use of the foods by rats on a low- 
protein diet when the basal diet contained 30% 
of fat than when only 3% of this foodstuff was 
present. Salmon (41) and later Geiger (42), noted 
that cystine spares protein only when fat is in- 
cluded in the diet. 

As another instance of the superior protein- 
sparing action exerted by fat, one may cite the 
results of Rogers et al. (43). These investigators 
reported that the nitrogen balance was more 
favorable in protein-depleted rats from which 
70% of the liver had been removed, when 30% 
of fat was included in the diet, than when only 3% 
of this foodstuff was fed. These beneficial results 
of the fat diets on protédin retention occurred 
when paired-feeding based upon caloric consump- 
tion was employed. 


PHYSIOLOGIC FUNCTIONS RELATED TO ESSENTIAL 
FATTY ACIDS 


In addition to the experimental evidence for 
the essential nature of fat which can be deduced 
from the comparative effects of diets contain- 
ing or free from this foodstuff, respectively, on 
growth, sex maturation, pregnancy, lactation, 
work capacity, length of survival, and nitrogen 
metabolism, the data obtained by tests with 
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TABLE 9. AVERAGE NITROGEN EXCRETION (Gy/ 
RAT/DAY) OF RATS DURING A PERIOD OF FASTING, 
























FOLLOWING A PERIOD DURING WHICH DIETS WERE " 
COMPOSED ALMOST EXCLUSIVELY OF PRof 5 
TEIN, CARBOHYDRATE OR FAT (31) ul 
F | . After = 
ast, days After Protein Carbohydrate After Fat 
Before 1.369+0.38 0.338+0.005 0.316+0.00 
0-4 '0.255+0.003/0.177+0.007)/0.110+0.0qj— 
6-11 0.143+0.04 (0.182+0.011/0.100+0.0% Fem 
13-end 0.229+0.013/0. 141-0 . 02g Litt 








Litt 
Tc 





EFA provide strong support for this viewpoin 
However, until recently the chief indication of t ws 
necessity of the EFA has been the proof tha , 
deficiency symptoms develop when they are ali Ay 
sent from the diet. The chief deficiency sympton 
which have been recognized have been a scalg. 
skin and caudal necrosis, a marked retardation j sity 
growth, kidney lesions with a concomitant hema it 
uria, increased water consumption, and deatil@" 
The fact that the deficiency symptoms can MY 
produced in a wide variety of animals confimg-°¥® 
the concept that the nutritional importance o at fc 
the EFA represents a general phenomenon. Ag@2 
though Gréer (44) and Hansen (45) presente" 
experimental evidence for the requirement @@#! 
EFA by infants to prevent or to cure a characte pottor 
istic type of eczema, there are no correspondil§ val 
data which indicate an EFA requirement in th 
adult human. However, Lambert et. al. (4 nole: 
have recently demonstrated that characteris val. 
deficiency symptoms develop in the calf in aily 
absence of EFA; the nutrition of this species hg*d"™ 
long been considered to be independent @2 ' 
the EFA. Boog 
Growth. The relationship of EFA intake @° 
growth has recently been more completely # ntl é 
vestigated. Thus, Greenberg et al. (47, 48) demomf* ved 
strated that the extent of increase in weight # ity 
young male rats whose body weight had reach@® PU 
a constant value due to EFA deficiency we 
directly proportional to the log dose of linoleaff?¥PS 
fed when the daily intake was between 5 and l0F® of 
mg per rat per day. Later experiments (49) ind ") mg 
cate that this proportionality may likewise obtag!ting 
at dosages as high as 200 mg per day. On tiparize 
other hand, the maximum value at which a cdf Prot 
responding straight-line function between weigfortant 
gain and log dose has been noted in young femaffocess 
rats is 50 mg per rat per day, and it may be ev@hat the 
lower than this value (47). Mmpto 









































Pregnancy and Lactation. Although the nec 95, 
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\ (GM/] {ypLe 10. REQUIREMENT OF EFA (FED AS COTTON- 
‘STING| seED OIL) DURING PREGNANCY FOR NORMAL 
3 WERE] REPRODUCTION OF YOUNG FEMALE RATS PREVI- 
PROF oUSLY ON A FAT-FREE DIET, AS REFLECTED BY 
PUPS BORN AND BY SURVIVAL FOR 3 DAYS (27) 
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TABLE 11. REQUIREMENT OF EFA (FED AS ETHYL 
LINOLEATE) DURING PREGNANCY FOR NORMAL 
REPRODUCTION OF YOUNG FEMALE RATS PREVI- 
OUSLY ON A FAT-FREE DIET, AS REFLECTED BY 
PUPS BORN AND BY SURVIVAL FOR 3 DAYS (27) 










































































er Fat Daily Cottonseed Oil Fed Daily Linoleate Fed 
to Mothers, mg to Mothers, mg 
+0.008 0 | 10 | 40 | 100| 200 | 400 |1000 0 | 2.5|5.0| 10 | 20 | 40 | 80 
+0. 004 MUPIE: DSS SES 
+0 .00p Females bred 23| 24) 25) 25) 25) 25) 25 Females bred 16| 15) 16) 16) 16) 16) 16 
+0.0uplitters cast, % 83] 96} 92/100) 96) 92/100 Litters cast, % 87| 93) 87/100}100) 94/100 
litter (at birth) Litters (at birth) 
Total no. rats 122/196) 192/228) 210/227|232 Total no. rats 69} 93) 96)111/120)108)115 
wpoin Av. no./litter 6.4/8 .5/8.3/9.1/8.8/9.9/9.3 Av. no./litter 4.916.6/6.8/6.9|7.5/7.2/7.2 
ortality (0-3 days), %|100) 76) 39| 29| 23) 14) 25 Mortality (0-3 days), %|100)100)100) 87) 43) 27) 14 
n of the. x 
Litter (at 3 days) Litter (at 3 days) 
of the Total no. rats 0} 46)117)162/162/196)175 Total no. rats 0} O} O} 14) 68} 79) 99 
are alj Av.¥wt./rat, gm 4.7/6.1/6.3/6.8/6.4/6.6 Av. wt/rat, gm 5.0/4.9|5.616.5 
mptom 
a scal§, : ; ; 
ation pty of the EFA for reproduction was among the that a typical EFA deficiency could be enhanced 


-hemaifiitst of their functions to be recognized (23-25), 
1 deatquantitative aspects of such requirements have 
mly recently been investigated. According to 


call Deuel et al. (27), fat is not required by the female 
ance qt for conception or for the completion of preg- 
non, Aganeys however, the pups are invariably born 
resentapiead or die immediately after birth when EFA 
neek ae absent from the mother’s diet. Daily doses of 
are bottonseed oil as low as 10 mg allow some sur- 
pondin rival of the young for as long as 3 days; as much 
+ in ts 200 mg (containing approximately 100 mg 
al. ( ginoleate) per day are required for optimum sur- 
cterisig’v@!: Comparable effects can be produced with 
lf in te ily doses of 80 mg of ethyl] linoleate. These 
ocies hgeduirements for EFA are considerably higher 


dent #22 those recorded by Quackenbush et al. (25). 
The requirement for EFA remains high during 
atake #° lactation period. Thus, no young survived 
etely if ntil weaning (21 days) when the mothers re- 
) deme eived 10 mg of linoleate daily. The lowest mor- 
lity rates, and the highest weaning weight, of 
he pups at 21 days (which approached that ob- 
prved on good natural diets) were noted in the 
JinoleafUPS in which the mothers received 100 or 200 
; and 108 of cottonseed oil daily (approximately 50 or 
(49) ind 1) mg linoleate), or 80 mg of linoleate as such, 
‘se obtaguting the lactation period. These data are sum- 
- On tiparized in tables 10-13. 
ich a col Protection Against X-Irradiation. The im- 
on weig@ortant role which the EFA play in the metabolic 
ng femsftocesses of the body is indicated by the fact 
y be ev@hat they have a protective effect against the toxic 
mmptoms produced by x-irradiation injury. 
the nec 1950, Decker and co-workers (50) observed 
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in fat-deficient mice when they were subjected 
to x-irradiation. Conversely, Cheng and her 
associates (51) found that cottonseed oil exerts a 
protective effect against x-irradiation in the rat. 

A number of circumstances have been shown 
to be involved in the action of fat under such 
conditions. In the first place, it varies with sex. 
The protective effect of cottonseed oil against 
death from x-irradiation was found to be readily 
demonstrable in the young mature male, but not 
in the young mature female (51). This phenome- 
non is apparently associated with a greater 
resistance exhibited by the female to x-rays, both 
as demonstrated following multiple sublethal 
doses (51) administered at varying time intervals 
(52) and also as observed from the LDs5o deter- 
mined with single doses of x-rays of varying in- 
tensity (53). It is suggested that the greater 
resistance of the young females to x-irradiation 
may be related to the fact that the females have 
a lower requirement for EFA than is the case with” 
males. Therefore, the females cannot be as com- 
pletely depleted of EFA, within a given period, 
as can the males. The result is a residual protec- 
tion against x-irradiation injury due to the EFA 
still present in the tissues. When the protective 
effect of cottonseed oil against x-irradiation 
injury was studied in very old rats, it was found 
that both males and females are equally pro- 
tected. It seems probable that this fact may be 
due to the disappearance of the sex difference in 
fat metabolism under such conditions; this 
cessation in sex difference has been demonstrated 
by the uniformity of liver glycogen values in 
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TABLE 12. REQUIREMENT OF EFA (AS COTTONSEED 
OIL) FOR LACTATION OF YOUNG FEMALE RATS 
PREVIOUSLY ON A FAT-FREE DIET AS REFLECTED 
BY BODY WEIGHT AND SURVIVAL OF PUPS AT 
WEANING (21 pays) (27) 








| Daily Cottonseed Oil Fed to Mothers, 
mg 





1000 





a 
| 


| 0 | 10 | 40 | 100 | 200 400 
| 19 | 23 | 23 | 25 | 24 | 23 | 25 
| | | | 


Litter (21 days) 


Orig. no. of 
litters | | | | | | 
Litters repre- | 3 | 16 | 21 | 18 | 20 | 21 
sented | | 
No. rats | O| 9 | 88 |124 |114 |122 |126 


Av. wt/rat, gm| 
Mortality (3-21 | 
days)* | | | 
Total | 32} 9] 11 | 18} 22] 14 
% (77| 9| 8/14) 15/11 


* Litters cut to 7 at 3 days. 


24 .6)26.9)29.4 33.432 .0/29.4 





“I bo 











unfasted animals and by similar levels of exog- 
enous ketonuria in old male and female rats, 
respectively. The comparative average length of 
survival of young and old rats, which had been 
x-irradiated, on fat-free and fat diets is shown 
in table 14. 

In subsequent tests (54) it was proved that the 
protective effect of cottonseed oil against x-ir- 
radiation injury is a function of the EFA present 
in it. When 10-mg doses of ethyl linoleate were 
given to rats on a fat-free diet and the animals 
were exposed to weekly doses of 300 r of x-rays, a 
significantly greater survival rate was noted in 
the case of the supplemented animals than in the 
case of the control rats, in spite of the fact that 
the former group received, on an average, as 
much as 45% more x-irradiation than did the 
control group. 

The optimum EFA requirement to protect 
from X-irradiation injury is an appreciable one. 
Thus, it was found (55) that the LD, LDs50, and 
LD7s were progressively higher when the daily 
dosage of linoleate given the rats on the fat-free 
diet was 0, 10, 50, and 100 mg. This is illustrated 
in table 15. 

Relation to Capillary Fragility. Another physi- 
ologic function which is related to EFA is capil- 
lary permeability. Kramdér and Levine (56) 
conclusively demonstrated that fat-deficient rats 
had a high capillary permeability (or lower capil- 
lary resistance) as determined by tests of the 
capillary resistance of the skin vessels, as well as 
by capillary permeability, as determined by the 
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TABLE 13. REQUIREMENT OF EFA (FED AS ETHY, 
LINOLEATE) FOR LACTATION OF YOUNG FEMALE 
RATS PREVIOUSLY ON A FAT-FREE DIET, 4g 
REFLECTED BY BODY WEIGHT AND SURVIVAL of 
PUPS AT WEANING (21 Days) (27) 











Daily Linoleate Fed to Mothers, mg 








0 | 25 | 5.0 10 | 20 


|—— | —— | ——_ | —__ |_ 





Litter (21 days) 


Orig. no. of 14 | 14/ 14; 16 | 16 | 15 | 168 2% 
litters 

Litters repre- 8 | 10 | 13) 10% 
sented | . 

No. rats 0} O19 44 | 58 | 7F 


Av. wt/rat, gm 
Mortality (3-21 
days)* : 
Total 13°| 21) 11 1/8 
% 100 | 32 | 16 | 13 


22.9/25.7)29 1 





























* Litters cut to 7 at 3 days. 





McClure and Aldrich test and by the intraderms 
dye-spread method. When rats on the basal die 
were given 5% of methyl stearate, no improved. 

: , pet, as 
ment was noted; however, when linseed oil « iefio 
linoleic acid was given, capillary resistance wi for 
restored immediately to its normal high value Rela 
This behavior explains the observation of Kram 7m 
and Kovacs (57), made 14 years earlier, that thf he it 
capillary resistance in human subjects was high¢ 
in the case of patients who had received vegetabl 
oils than in those who had partaken exclusivel 
of animal fats (presumably those which are lo 
in EFA). 

It is possible that the greater resistance | 
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TaBLE 14 (DAYS). AVERAGE LENGTH OF SURVIVM# the } 
OF YOUNG AND OLD MALE AND FEMALE RATS ( 
FAT-FREE AND ON COTTONSEED OIL DIETS AFT 
MULTIPLE SUBLETHAL DOSES OF X-RAYS(51) 4 















| Av. Survival of Av. Survival of 





























ats Young Rats # 
| (18 mon.) (3 mon.) 
| Males Females | Males | Femal 
of a | Vv 
Fat-free diet 34.343.3)39-+4.3)514-3. 1/6143], 
Cottonseed oil 6543 .0/67+2. 
(2%) | 3.26 | 1.3% 
Cottonseed oil |70.6+6.1/76+7.0 | 
(15%) | 6.92 | 4.68 | 
Cottonseed oil 63.7+7.1/6945.3/67+3.2/62+34 
(30%) | 8.61 4.42| 3.60} 0.289 | 








Including Standard Error of Mean. Values #6. 2. 
italics represent ratios of Mean Difference (er cw 
Difference (M.DBIG. 3. 

‘nt in 
) or | 


Standard Errors of Mean 


S.E.M.D.). 
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ETHYL! Tape 15. SURVIVAL-OF MALE RATS ON FAT-FREE 
“MALE pIET, WITH OR WITHOUT ETHYL LINOLEATE, 
T, As SUBJECTED TO X-IRRADIATION OF 200 R 
AL OF WEEKLY FOR 10 WEEKS (55) 
Ethyl] Linoleate Intake Daily, mg 
5, mg 
0 10 50 100 
) | 80 
—|—~Mroup No. I Il Il IV 
| tp reached, days 
5 | 168 5% 28 54 71 86 
50% 54 73 
0 | 13} 0% 69 
| Ay. survival time, days* |50.7--5.8/71.5+5.7/83.8+3.4 87.4+2.0 
g 77 pD.:8.E.M D.t com- 
| pared with Group I 
-7\29.9 Control) 2.70 | 4.93 | 5.98 
|  urviving rats at 91 days 
.| No. 0 5 rT 9 
1 | 128% 0 33.3 73.3 69.2 
6 | 13 
— * When this value exceeds 3.0, the results are considered to be 


ighly significant. 
t See footnote to table 15. 


~snoxia, which has recently been observed in our 
sal die boratory in animals receiving a cottonseed oil 
“fiet, as compared with those on a fat-free one, is 
reflection of the greater capillary resistance in 
e former case. 

Relation to Cholesterol Metabolism. One of 
e most important functions of the EFA appears 
be in the regulation of cholesterol metabolism. 
has long been known that, in the case of the 
, the cholesterol esters are composed of the 
ost highly unsaturated fatty acids. Thus, Kelsey 
Longenecker (58) reported that 62% of the 
olesterol in beef plasma was in combination 
ith linoleate; this proportion of linoleate is 
ny times higher than that in other fractions 
'Mf the blood lipids. 
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Although the administration of a fat-free diet 
to rats has recently been found to lower the level 
of blood cholesterol, Alfin-Slater and co-workers 
(59) have recently reported that a concomitant 
increase of liver and adrenal cholesterol of a con- 
siderable magnitude occurs. Under these condi- 
tions, typical fatty livers having an increased fat 
content were observed. On the other hand, when 
a cottonseed oil diet was fed, the blood cholesterol 
was not reduced, and, furthermore, no simultane- 
ous rise in liver or adrenal cholesterol levels was 
noted. The beneficial effect of the cottonseed oil 
is presumably due to the EFA, since a similar 
decrease in liver cholesterol can be effected with 
linoleate (60). The decrease in blood cholesterol, 
together with the augmentation of liver choles- 
terol when fat-free diets are fed, has been found 
to develop within 1 week from the initiation of a 
fat-free diet; the variations continued at an 
increased level over a 13-week period, during 
which the fat-free diet was given. These results 
are shown graphically in figures 2 and 3. 

One must conclude that the EFA are required 
to bring about a normal distribution and metabo- 
lism of cholesterol. Possibly, this alcohol cannot 
readily be transferred to other tissues from the 
liver in the absence of EFA. This would account 
for the accumulation of cholesterol. The amount 
of cholesterol combined with linoleate in the 
liver is very small, irrespective of the proportion 
of EFA in the diet (61). When fat-free diets are 
given to rats, the saturated acids tend to replace 
oleic acid in the cholesterol esters in the liver, and 
no change occurs in the insignificant quantity of 
cholesterol linoleate present in this organ (61). 






















EFA DEFICIENT 
34 ® 15% HYDROGENATED COCONUT OIL 
15% COTTONSEED OIL piccii 
24 
17 Fig. 3 
TOTAL CHOLESTEROL—LIVER 
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WEEKS 


Values #16. 2. Total plasma cholesterol in mg% in weanling male rats receiving a diet deficient in EFA 

rence @r curve) or one containing 15% refined cottonseed oil (upper curve) over a 12-week period (60). 

. (MDBIc. 3. Total cholesterol in the livers of rats in mg/gm. Rats had received from weaning a diet de- 
‘nt in EFA (upper curve), one deficient in EFA but containing hydrogenated coconut. oil (middle 
¢) or one containing 15% refined cottonseed oil (lower curve) over 13 weeks (60). 
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CONCLUSION 


It is as yet a moot question whether the bene- 
ficial effects of fats, nutritionwise, are to be as- 
cribed solely to the EFA which they contain or 
whether triglyceride fats have a specific nutri- 
tional value per se. The beneficial effects of high- 
fat diets on pregnancy, lactation, and possibly 
also on growth can probably be largely, if not 
entirely, ascribed to their EFA content. On the 
other hand, there is no positive evidence that 
the improved caloric efficiency resulting from the 
associative dynamic effects, or the sparing action 
of fats, on certain phases of protein metabolism 
are necessarily functions of the EFA. 

Some of the beneficial effects of fat are un- 
doubtedly to be traced to the establishment of 
definite enzyme patterns when high-fat diets are 
consumed over an extended period. The longer 
survival on fasting has been shown to be related 
to a slower disappearance of glycogen than 
occurs in animals conditioned with high-carbo- 
hydrate diets. It may be that the increased 
capacity for work, noted in rats receiving high-fat 
diets, is a reflection of the establishment of such 
new enzyme patterns. 

The explanation for the protective effect of 
the EFA against x-irradiation injury is not im- 
mediately forthcoming. The fact that the relative 
behavior of linoleate and that of linolenate are 
similar, not only as regards growth (47), but also 
in affording protection from x-irradiation injury 
(62) and in supporting pregnancy (63), would 
seem to indicate that a number of these phe- 
nomena are related. One is forced to the conclu- 
sion that, from a nutritional standpoint, fats 
have specific functions not shared by the other 
foodstuffs. They can no longer be considered 
simply as optional components of the diet. 


REFERENCES 


1. OsBorNE, T. B. anp L. B. MENDEL. J. Biol. 
Chem. 45: 145, 1920. 

2. Evans, H. M. ann G. O. Burr. Proc. Exper. 
Biol. & Med. 24: 740, 1926-1927. 

3. McAmis, A. J.. W. E. ANDERSON AND L. B. 
MENDEL. J. Biol. Chem. 82: 247, 1929. 

4. Burr, G. O. Federation Proc. 1: 224, 1942. 

5. Devet, H. J., Jr. anv 8S. M. GREENBERG. 
Fortschr. Chem. org. Naturstoffe 6: 1, 1950. 

6. SHerMAN, H. Vitamins and Hormones 8: 55, 
1950. 

7. THomasson, H. Intern. Rev. Vitamin Research 
25: 62, 1953. 

8. Deve., H. J., Jr. Progress in the Chemistry of 
Fats and Other Lipids 2: 99, 1954. 


FEDERATION PROCEEDINGS 


9. 
10. 
11. 
12. 


13. 


14. 


15. 
16. 
17. 
18. 
19. 


20. 
21. 
22. 
23. 


24. 
25. 


26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 


37. 
38. 


39. 
40. 





Volume 1, | Jun 
Deve, H. J., JR. anpD R. REISER. Vitamins fl. 
and Hormones. In press. 9, 
HoaGuanp, R. anp G. G. Sniper. U. S. Dept. }4. 


| 
Agric. Tech. Bull. 725, 1940. ( 
HoaGuanp, R. ann G. G. Sniper. J. Nutrition: 
22: 65, 1941. 4, 1 
DevkEL, H. J., Jr., E. R. MEseRvE, E. Stravp,f4. | 
C. HenprRIcK AND B. T. Scuerr. J. Nutrition} 4. I 
33: 569, 1947. ! 
Forses, E. B., R. W. Swirt, R. F. Evuiorm§ 2 
AND W. H. James. J. Nutrition 31: 203, 2137. € 
1946. s 
Forzes, E. B., R. W. Swirt, W. H. Jamey 4 
J. W. Bratzier anv A. Buack. J. Nutrition4. C 
: 

D 

A 

4f 

D 


— 
< 


Frencu, C. E., A. Buack anp R. W. Swirr. J 
Nutrition 35: 83, 1948. 

HoaGuanD, R., G. G. SnrpER AND C. E. Swirr 
J. Nutrition 47: 399, 1952. 
Deve., H. J., Jr. J. Am. Dietet. Assoc. % 
255, 1949. 


32: 387, 1946. 



















H. J. Deve, Jr. J. Nutrition 33: 583, 1947. f ai 
Forses, E. B., R. W. Swirt, E. J. THackeng 48 
V. F. Smrru anv C. E. Frencu. J. Nutritiog§2. C 
32: 397, 1946. H 
Swirr, R. W. anno A. Buack. J. Am. Ci 


Chemists’ Soc. 26: 171, 1949. 
Forges, E. B. anv R. W. Swirt. J. Nutritio 
27: 453, 1927. 

Mururn, G. R. anp G. Lusk. J. Biol. Che 
22: 15, 1915. 

Evans, H. M., S. Lepxkovsky anp E. ! 
Morpxuy. J. Biol. Chem. 106: 431, 1934. 
Maeper, E. C. Anat. Rec. 70: 73, 1937. 
QUACKENBUSH, F. W., F. A. KuMMEROow AN 
H. Steensock. J. Nutrition 24: 213, 1942. 
Kummerow, F. A., H. P. Pan ano H, Hick 
MAN. J. Nutrition 46: 489, 1952. 

DevE., H. J., Jr., C. R. Martin anv R. 
ALFIN-SLATER. J. Nutrition 54: 193, 1954. 
Kroau, A. anp J. LinpHarp. Biochem. J.1 
290, 1920. 

ANDERSON, R. J. anp G. Lusk. J. Biol. Che 
32: 421, 1917. 

Scueer, B. T., S. Dorst, J. F. Copre anp 
Sou.te. Am. J. Physiol. 149: 194, 1947. 
Samue.s, L. T., R. C. Grumore anp R. } 
REINECKE. J. Nutrition 36: 639, 1948. 
Roperts, S., L. T. SamMuets anp R. } 
REINECKE. Am. J. Physiol. 140: 639, 1944. 
Roserts, 8. anD L. T. SamugEts. Bull. Minn 
sota Med. Found. 4: 55, 1944. 

Roserts, 8. anp L. T. Samvuets. Proc. 80 
Exper. Biol. & Med. 53: 207, 1948. 
GitmoreE, R. C. anv L. T. Samue.s. J. Bi 
Chem. 181: 813, 1949. : 
LuNDBAEK, K. anp J. A. F. STEveEnsO! 
Federation Proc. 7: 75, 1948. 

Lusk, G. Ztschr. Biol. 27: 459, 1890. 
Witiman, W., M. Brusu, H. Crarx ann | 
Swanson. Federation Proc. 6: 423, 1947. 
Swanson, P. Personal communication. _ 
Scuwimmer, D. anv T. H. McGavacx. 4 
York State J. Med. 48: 1797, 1948. 








me 14 fJune 1965 FATS AS REQUIRED NUTRIENT 649 


amings |4l. SALMON, W. D. J. Nutrition 33: 155, 1947. 

)), GEIGER, E. Personal communication. 

Dept. }3. Rogers, C. 8., C. C. Ferauson, C. E. Friep- 
GooD AND H. M. Vars. Am. J. Physiol. 163: 
trition§ 347, 1950. 

4, voN GrOER, F. Biochem. Ztschr. 97: 311, 1919. 
rraus,p4. HANSEN, A. E. Am. J. Dis. Child. 53: 933, 1937. 
trition{. LAMBERT, M. R., N. L. Jacosson, R. S. 
ALLEN AND J. H. ZALeteu. J. Nutrition 52: 
LLiotry 259, 1954. 

3, 21347. GREENBERG, S. M., C. E. Casert, E. E. 
SavaGE AND H. J. Deve., Jr. J. Nutrition 
J AMES, 41: 473, 1950. 

‘tritionf8. GREENBERG, S. M., C. E. Caxsert, H. J. 
DevEL, Jrl anp J. B. Brown. J. Nutrition 
vend 45: 521, 1951. 

9. DeveL, H. J., Jr., S. M. Greensere, L. 
Swirt) ANISFELD AND D. MeE.tnicx. J. Nutrition 
; 45: 535, 1951. 
soc. 2690. Decker, A. B., D. L. FILuterup anp J. F. 

Meap. J. Nutrition 41: 507, 1950. 
9s, ANpl. CHENG, A. L. S., G. D. Kryper, L. Brere- 
1947.f Quist anp H. J. DeveE., Jr. J. Nutrition 
rACKERR 648: 161, 1952. 
utritiop2. CHENG, A. L. S., R. B. ALFIN-SLATER AND 
H. J. DEvEL, Jr. J. Nutrition 54: 201, 1954. 
im. 0s. Cuenc, A. L. S., R. B. AtFin-SLaTER AND 





utrition 
. Chen 
E. ! 


ow AN 
942. 


[, Hick 
p R. 

4. 
i. dt 
1. Cher 


. AND J} 





p R. 3 
R. } 


1944, 
. Minn 


roc. Sé 
J. Biv 

: VENSO! 
< AND | 
47. 


On. 
ick. Ne 





54. 


55. 


57. 


59. 


61. 
62. 


63. 


H. J. Devet, Jr. Unpublished observations. 
DevEL, H. J., Jr., A. L. 8S. Cuene, G. D. 
KryperR and M. E. BINGEMANN. Science 
117: 254, 1953. 

Cuena, A. L. 8., M. Ryan, R. ALFIN- SLATER 
AND H. J. DEVEL, Jr. J. Nutrition 52: 637, 1955. 


. Krami&r, J. ann V. E. Levine. J. Nutrition 


50: 149, 1953. 

Kram&r, J. AND J. KovAcs. Cited by J. Kra- 
MAR AND V. E. Levine. J. Nutrition 53: 149, 
1953. 


. Kevsey, F. E. anp H. E. LoNGENEcKER. J. 


Biol. Chem. 139: 727, 1941. 

ALFIN-SLATER, R. B., L. Arreraoon, A. F. 
WELLs AnD H. J. DEvEL, Jr. Federation Proc. 
13: 174, 1954. 


. DEvEL, H. J., Jr., R. B. ALFIN-Suater, A. F. 


WEL Ls, G. D. Kryper anp L. AFreRGoop. J. 
Nutrition 55: 337, 1955. 

Acnaya, K. T., R. B. ALFIN-SLATER AND H. J. 
DEvEL, JR. Unpublished observations. 
Cuene, A. L.8., T. M. Grauam, R. B. ALFIN- 
SLaTeR AND H. J. Devet, Jr. J. Nutrition. 
In press. 

Martin, C. R., L. Arrercoop, R. B. ALFIN- 
SLATER AND H. J. DevEL, Jr. Unpublished 
observations. 





EVALUATION OF FAT-SOLUBLE VITAMINS 
H. J. ALMQUIST 


From the Research Laboratory, The Grange Company, Modesto. California 


3 THE TIME allowed for this topic one could not 
discuss fully even one essential fat-soluble 
nutrient. I shall instead attempt to present a 
few points concerning a) the relation of vitamin 
intake to measurable biological responses such 
as growth rate, calcification of bones, blood clot- 
ting, power, etc.; b) the comparative potencies 
of a vitamin and its precursors; and c) estimation 
of nutritional requirements. 

In this discussion I shall apply to nutrition 
data the principle which I prefer to call the 
‘law of diminishing returns.’ This principle is 
by no means new. It is known equally well to the 
economist and to the chemist, who calls it the 
first-order reaction rate law. 

This principle was employed years ago by 
myself in the analysis of data on vitamin K re- 
quirement as related to blood clotting power (1). 
Hegsted (2) applied the principle in the study of 
the riboflavin requirement of ducklings, and gave 
a thorough discussion. I have found the principle 
useful in the study of data on requirements of 
amino acids (3), vitamins (4-6) and _phos- 
phorus (7). 

In some other instances, also, the principle 
has been applied, but often only empirically 
when, for example, it was found that using a 
semi-log plot of the data would produce con- 
veniently straight lines. Among nutrition workers 
in general, application of the principle has only 
rarely been made, although it has great power 
in clarifying concepts of function and re- 
quirement. j 

The biological response to an increase in supply 
of some essential nutrient will very often be 
found to follow a curve of constantly diminishing 
increment, i.e., a logarithmic curve. In such 
cases, plotting the data on a semi-log basis will 
usually produce straight response lines up to the 
limit of response. Such a limit may be set by 
physiological, genetical or other non-nutritional 
limitations. At very low levels of nutrient intake, 
also, the data may be seen to deviate from the 
principle, but, in this case, largely because reserve 
stores of the nutrient in the animal or small 
residual quantities in the basal diet are no longer 
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negligible in respect to controlled intake of the 
nutrient. When the limit of response is well de. 
fined, as by a plateau in the data, the minimal 
requirement then is readily perceived from the 
intersection of the response and plateau line} 4 
(2, 3, 5). Application and derivation of the 
principle has been discussed elsewhere (2, 4, 5). 

In the remaining time I shall present some 
examples of the applications of this Principle of 
Diminishing Returns as made from data existing 
in the literature. I will not cite the numerous 
further references, but will provide them to any- 
one who is interested. 

In figure 1 are shown the relations of rat growth 
to intake dose of several carotenes. The figure 
shows that the carotenes mentioned on the right 
were practically equivalent in potencies and con; 
stant in relation to the potency of B-carotene 
over the range of the trials. The spacing betwee 
the lines is the logarithm of the potency ratio 
in this case, approximately 2. This is rather typi 
cal of results obtained with different forms o 
precursors of a vitamin when these forms ar 

very similar to each other. 

In the next figure is illustrated the fact tha 
different forms or sources of a vitamin do no 
always show constant potency ratios (fig. 2) 
In other words, the attempts to evaluate ong s— 
form of a vitamin in terms of another may i 
some cases be fruitless. The example shows tha 
B-carotene and cryptoxanthin, as measured bj 
chick growth, are not constant in relation to eaci %#0 
other. This fact is fully consistent with t 
diminishing returns principle (4, 5). 

In figure 3 are shown data reported on th 
effect of three sources of vitamin A activity on tht %— 
plasma vitamin A content of the chicken. Iti 
again indicated that there is a systematic spreaf 
between the potencies, which increases as th 
intake. This feature is even more distinctly show§pplica 
in figure 4, which represents the effects of caroten$ that 
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of diet liver and blood levels may be observed 
in data from other animals such as the rat, 
sheep and cow. 

Figure 6 presents some old but remarkably con- 
sistent data obtained with the rat. The growth 
response follows the typical straight line reaching 
a plateau. The plasma vitamin A content follows 
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forms of vitamin D, assayed by rats, on the 
calcification in chicks as measured by percentage 
ash in a leg bone. This set of data was cited as ap 
example of lack of constancy in potency ratio of 
the two forms of vitamin D in the chick. When 
converted to a log plot, however (fig. 8), the data 
show that the two forms were practically constant 
in potency ratio in the suboptimal range oj 
effect, although the weaker vitamin was unable 
to promote as much total calcification. This state 
of affairs is what would be expected if the les 
potent form of the vitamin enters into an enzym¢ 
system which is both weaker and more vs 





dissociated than when the system is provid 
with the more potent form of the vitamin. 
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a similar pattern. Furthermore, the plasma vita- 
min A shows a similar relation to liver vitamin A 
content as it does to oral intake. 

Among the vitamins D are several interesting 
examples. Forms of vitamin D which are equiva- 
lent for rats may be very different in potencies 
for chicks. Some forms which are equivalent for 
chicks are, again, different for turkeys. In figure 7 
is shown a usual type of plot of the effect of two 
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In figure 9 is illustrated the fact that’ form 
of vitamin D which are standardized and equiv 
lent for the chick may show different potenci 
in the turkey. The reference cod liver oil an 
Delsterol, a synthetic product, were definite 
not constant in potency ratio in the turke 
although they approach equivalence at t 
optimal dose for calcification. There are oth 
examples of this same fact. 

The effect of reserve of a vitamin transfert 
from the mother on response of the young | 
varying levels of vitamin intake is an importal 
question. In figure 10 is illustrated the calcific 
tion responses to vitamin D of turkey poult 
which came from hens with widely differing vit 
min D intakes. The effect of the hen diet on t 
poult response to vitamin D is clearly shown | 
the fanning-out of the suboptimal respons 
lines. However, these remarkably precise da 










show a linear response from each class of poultiind of 
IBcific: 
is ey 
y ley 


All the response lines meet at the optimal vitam 
intake of the poults. 
Figure 11 illustrates the effect of an antibio 
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enhanced the activity of the vitamin D, the 
1 sor effect being that of a constant potency ratio 
| increase at each level of phosphorus. The phos- 
x phorus also increased the response from the 
o vitamin D, as might be expected, since the lower 
aad phosphorus level was distinctly below require- 
$ ment while the higher level was slightly above 
x requirement. This effect of antibiotic in the en- 
FS hancement of potency or absorption of an es- 
sential nutrient is now known to be quite general. 
30 The above example indicates that the effects 
15 As r) r) were felt in this case to a uniform degree over the 
— LOG VIT. D IN DIET entire suboptimal test range. The writer has 
Fie. 11 another example, not shown, in which the pres- 
ence of bile salts in the diet was found to increase 
wy 0-3 : the potency of vitamin D by a constant ratio, 
ocr indicating an improved absorption of the vitamin. 
tencid FS A number of examples are available in the 
sa 3 case of vitamin K. Figure 12 shows an early ex- 
caill Ey i. pression of the relation of blood clotting power 
* tadal ok S to the log of vitamin K level in the chick diet. 
i 4 2 In figure 13 it is shown that a number of sets 
wre oth 8 7 
ansferré “ 
young ! Ole g © 08 
mportal 5, - 
calcifies 3 E 
Vy poult a . 6 
~~ Log vitamin K level in diet z 
et on th o 1 j a oa 
shown “0 0°5 1-0 : 
respon Fig. 12 
cise da 


of poul find of different inorganic phosphorus intake on 

ul vitaMRlcification response of the chick to vitamin D. 
Lis evident that the penicillin antibiotic at the Log vitamin K dosage x 10 

antibiott#y level of 2.5 grams per ton of feed distinctly Fia. 13 
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of vitamin K data, when similarly presented, 
follow the diminishing returns principle. Also 
evident is the fact, shown by data all obtained 
from the same assay, that vitamin K,, 2-methyl- 
3-phytyl-1,4-naphthoquinone, (lines 5 and 7), 
and another commonly used but different form, 
2-methyl-1,4-napthoquinone, (lines 4 and 6), 
are not constant in their potency ratio to each 
other. 


. Atmquist, H. J., E. Meccut anp A. A. Kiosg, 


. Hegstep, D. M. J. Nutrition 35: 399, 1948. 
. Atmquist, H. J. Poultry Sci. 31: 966, 1982; 
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a attention has been focused over 
the years, since the discovery of the lipotropic 
action of choline by Best and Huntsman (1), on 
the effect of variations of the dietary fat on fatty 
livers in rats fed choline-deficient diets. Less at- 
tion has been paid to the effects of varying the 
dietary fat under these conditions on tissues other 
than the liver. An attempt will be made here to 
bring together some of the knowledge of the sub- 
ject, reviewing the available data as they apply 
to the liver and the effects of high-fat, low-cho- 
line diets on the cardiovascular-renal systems of 
similar animals. Finally, brief reference will be 
made to problems related to dietary cholesterol, 
lipotropic factors, and experimental arterial 
disease. 

One of the earliest observations concerning the 



















flect of variations of dietary fat on the liver was 
de by Hershey and Soskin in 1931 (2). They 
eported that the accumulation of abnormal fat 
in the livers of depancreatized dogs was greater 
ifa saturated fat such as beef fat was added to 
he diet, than if a highly unsaturated fat such as 
od liver oil was used. These investigations were 
ter extended by Channon and Wilkenson (3), 
sing rats feda low-choline, low-protein diet. Under 
hese conditions, the effects of high dietary sup- 
lements of butter fat, beef fat, palm oil, coconut 
il, olive oil and cod liver oil were studied. The de- 
ree of accumulation of abnormal fat in the liver 
ppeared to depend on the intake of C,4-Cis satu- 
ted fatty acids. With the exception of coconut 
il, the severity of fat deposition varied inversely 
vith the iodine value of the fat in the diet. A few 
ears later an extension of these investigations 


oa 


*Current investigations at Washington Uni- 
ersity, Department of Pathology, concerning the 
etary production of vascular disease in experi- 
ental animals are being aided by a grant (H-1968) 
tom the Public Health Service. 

‘Formerly Professor, Banting and Best Depart- 
ent of Medical Research, and Associate, Depart- 
nt of Pathology, University of Toronto, 

ada. ' 
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EFFECTS OF VARIOUS TYPES OF LIPIDS IN EXPERIMENTAL 
HYPOLIPOTROPIC DIETS* 


W. StTantEY Hartrort! 


From the Department of Pathology, Medical School, Washington University, 
St. Louis, Missouri 


was reported from the same laboratory (4), with 
the object of determining whether or not cho- 
line was concerned with the saturation of fatty 
acids in the liver. In this latter work, linseed oil 
was fed at a level of 40% either in its highly sat- 
urated, natural state or in progressively hydro- 
genated forms, reducing the iodine value as low 
as 55. The effect of varying the physical nature 
of the fat was further tested by adding elaidin in 
varying proportions to olive oil (elaidic acid be- 
ing a solid isomer of oleic acid). The results again 
demonstrated that the amounts of fat deposited 
in the liver were inversely related to the iodine 
value of the different fats fed, and the extent of 
fatty infiltration was related to the proportion of 
Cu-Cig saturated fatty acids. 

Stetten and Salcedo (5) continued these inves- 
tigations 2 years later, and instead of focusing 
on the degree of unsaturation of the dietary fatty 
acids, as had the Liverpool group, they studied 
the effect of fatty acids in choline-deficient diets 
with respect to their chain length. They investi- 
gated the effect of each member of the homolo- 
gous series of even-numbered saturated fatty 
acids from butyric to stearic. For a period of 2 
weeks young rats were fed these acids as ethyl 
esters at the level of 35% of the hypolipotropic 
diet. By using the ethyl ester form, they avoided 
undue variation in the physical characters of the, 
various fatty acids. The results indicated that 
the severity of the accumulation of abnormal 
amounts of fat in the livers of experimental ani- 
mals increased markedly as the chain length of 
the dietary fatty acid decreased successively from 
18- to 16- to 14-carbon atoms, but severely fatty 
livers were not encountered when fatty acids of 
less than 12 carbon atoms were fed under these 
experimental conditions. The results of Stetten 
and Salcedo, taken together with those of Chan- 
non and his group, indicated that the amount of 
liver fat that will accumulate in rats fed low- 
choline diets is influenced by both the degree of 
unsaturation of the dietary fat and also the mo- 
lecular weights of the constituent fatty acids. 
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Thus, the more saturated the fat in the diet and 
the greater the chain length of the dietary fatty 
acid in the range C,,-Cis, the greater the abnor- 
mal accumulation of fat in the liver. Stetten’s 
group further encountered an unexpected finding 
in the hearts of the animals fed ethyl laurate in 
the choline-deficient food mixture, an observation 
that will be discussed below. Subsequently, in 
1949, Campbell, Olley and Blewett (6), in agree- 
ment with the earlier investigators, demonstrated 
by feeding free fatty acids that palmitic and not 
oleic acid consistently produced fatty livers in 
adult rats fed low-protein diets. 

A number of reports have come from India 
concerning the effects of varying the type of 
dietary fat added to both normal and hypolipo- 
tropic diets fed to experimental animals. The 
investigations of Damodaran and Siva Raman 
(7, 8) have been particularly noteworthy in this 
field. They found that coconut oil at a level of 
15% or 25% in a choline-deficient diet composed 
of poor-rice (5% protein diet) was particularly 
effective in producing fatty livers in rats. Ghee 
(butter-fat) proved equally effective, whereas 
mustard and sesame oils fed at the same levels 
in similar choline-deficient diets resulted in very 
little abnormal accumulation of hepatic fat. 
Rather remarkably, livers of animals consuming 
diets containing 25% ghee became very fatty 
despite an appreciable drop in body weight. The 
Indian investigators further experimented with 
fractionated fatty acids, and demonstrated again 
that the accumulation of liver fat on low-protein 
diets is caused chiefly by the higher saturated 
fatty acids, although they could not explain the 
deleterious effect of ghee on growth in terms of 
its component fatty acids. These experiments ac- 
cord with an earlier observation by Sveinsson 
(9) that diets containing 25-40% of cocoa fat 
fed to rabbits produced livers containing 30-40% 
of fatty acids. Later, Bose’and Subrahmanyan 
(10) found that under the conditions of their 
experiments, ground nut oil and vanaspati, when 
compared with ghee, all fed at the level of 30% 
in low protein diets, failed to produce any signifi- 
cant difference in the fat storage, total choles- 
terol, or total fatty acids in the livers of rats 
under the conditions of their experiments. The 
Indian investigators did not describe the effects 
of the various dietary fats on lesions in organs 
other than the liver (i.e., kidney or cardiovascu- 
lar system). 

More recently, in this country Norcia and 
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Lundberg (11) studied the effect of various syn- J yy 
thetic simple triglycerides in diets fed to rats, dey 
These authors found that the relative amounts of if 
mono-ethenoic acids found in the liver in their ex- J jo 
periments appeared to be correlated with the fang 
amount of dietary choline. Compared to the effect bap 
of tripalmitin added toa choline-supplemented diet hep 
(1 gm choline hydrochloride/kg of diet), when tary 
this triglyceride was incorporated in a relatively 
low-choline diet, iodine values in the liver and 
body fat were 7-9 points lower, the mono-ethe- 
noic acids were 9-17 percentage points lower,f yy 
and saturated acids 8-15 percentage points (5) 
higher. The authors concluded that these differ-fratg 
ences are correlated to the amount of available}iate 
dietary choline. Their results should be considered {that 
in the light of recent investigations by Artom, to}ture, 
be discussed later. conti 

Gyorgy and Goldblatt (12), reviewing a large piu} 
number of observations made over a period Offstope 
9 years on almost 2,000 rats, reported the effect (15) 
of various fat supplements on the production of 
of dietary cirrhosis. They noted that choline-f4ieg 
deficient food mixtures containing lard (20-40%) foreat 
produced a higher incidence of cirrhosis in the}giym 
animals consuming the ration than in rats con-iheir 
suming similar diets incorporating hydrogenated{eonte 
fat (Crisco) at approximately the same levelfygge 
These authors drew attention to the fact thatfy an. 
in contrast to the incidence of hepatic abnor-hnder 
malities, renal lesions were more frequently (Keste 
found in rats fed choline-deficient diets contain-fpeey); 
ing Crisco than in those fed similar diets withBhat , 
lard. Gyérgy and Goldblatt reported that coifoynd 
liver oil (2%) in their experiments was especiallyferyat 
injurious in choline-deficient diets, leading to thy oss] 
development of diffuse hepatic fibrosis, unaltered ho}in 
by supplements of tocopherol. This finding iffpg 4; 
perhaps rather surprising in view of Channomfharle 
Hanson, and Loizides’ finding (4) that buttefiere a 
(1v 33) was associated with nearly six times thi Kes 
degree of abnormal accumulation of hepatic fafhat jn 
that developed in livers of rats fed diets contailfere} 
ing comparable amounts of cod liver oil (1v 145) ppear 
and also in view of the initial observation fits we 
Hershey and Soskin (2). In this respect it shoul 9, 
be emphasized that cod liver oil and lard favobpoduye; 
the deposition of the pigment ceroid in fibro the ¢ 
trabeculae of cirrhotic rats, and by its bulk cerdiffng fat 
may have produced an apparent increase in fift Jesse, 
brous tissue. It should also be recalled that Cris¢@figs oj, 
exerted a more damaging effect than lard on th ough 
kidneys of the rats in the experiments of Gyérg] 
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and Goldblatt, and. in this organ ceroid is not 
deposited in significant amounts. Accordingly, it 
is perhaps even more likely that ceroid accounts 
for the apparent differences between the fibrous 
and fatty effects of dietary fat on the liver. Per- 
haps other apparent discrepancies between the 
hepatic lipogenic and cirrhogenic effects of die- 
tary fats in hypolipotropic diets can also be ex- 
plained by the effect of the various fats on ceroid 
deposition in fibrous tissue under these condi- 
tions. 

It was previously mentioned that Stetten ef al. 
ints | (5) encountered an unexpected finding in young 
liffer-frats fed a low choline diet containing ethyl lau- 
ilablerate. Earlier investigators (13, 14) had shown 
dered that trilaurin supplements to normal food mix- 
ym, toftures, when fed to rats, produce a depot of fat 
containing as much as 25% of lauric acid and, 
 largeffurthermore, this fatty acid is preferentially 
iod Offstored in the heart. Kesten, Salcedo and Stetten 

effecth(15) discovered that their animals, fed 35-40% 
uctionfof ethyl laurate in their choline-deficeint diet, 
noline-Hied within 3-6 days of a fatal myocarditis that 
-40%) boreatly resembled the lesions produced by potas- 
in thelsium deficiency. They carefully analyzed both 
is COl-itheir diets and the animals’ hearts for potassium 
enatelieontent, and failed to discover any evidence to 
 level.Atuggest that potassium deficiency was responsible 
+t thatfin any way for the myocardial lesions produced 
abnor-fuinder these conditions by a hypolipotropic diet. 
juently(Kesten et al. believed that the heart lesion was 
ofitail-heculiar to animals fed only choline-deficient diets 
is witlthat contained lauric acid or one of its com- 
at COlfpounds. Stimulated by their report and by ob- 
veciallyfervations in Toronto at sporadic intervals of 
to thérossly evident necrotic lesions in the hearts of 
alte “Pholine-deficient weanling rats fed a diet contain- 
ding “ing 12% beef fat, my colleagues, Professors 
1annolPharles H. Best and George Wilgram, and I (16) 
_ buttévere able to confirm and extend the observations 
mes thihf Kesten et al. (table 1). The results indicated 
atic i lat in susceptible animals maintained under se- 
contallterely hypolipotropic conditions, cardiac lesions 
tv 145)$ppeared when a number of different types of 
ution fats were used in the deficient diet. Furthermore, 
t shoulthy only were simple triglycerides effective in 
rd favObroducing cardiac lesions in varying percentages 
fibrou f the experimental animals, but naturally occur- 
lk cerOlfing fats also exhibited a similar effect to greater 
Se in fir lesser degree. Lard and beef fat appeared more 
ut CrisBfcacious in this regard than coconut oil, al- 
don th ough the Indian investigators had found the 
f Gyor’iter particularly effective in producing fatty 
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TABLE 1 
No. With 
Type of Fat, Cardiac 
(25-40%) No. Rats Necrosis* 
Ethyl] laurate 25 15 (60) 
Tributyrin 12 0 
Tricaproin 13 6 (46) 
Tricaprylin 12 7 (58) 
Trilaurin 15 9 (60) 
Trimyristin 12 3 (25) 
Tripalmitin 12 2 (17) 
Lard 82 53 (54) 
Beef fat 10 8 (80) 
Corn oil 10 4 (40) 
Coconut oil 29 2 (7) 
Fat-free 13 2 (15) 


Condensed from data published in more detail 
previously (16). 

* Figures in parentheses are percentages of the 
experimental groups. 


livers when added to low protein diets at the 
level of 15% or 25% (8). It should also be recalled 
that although compounds of lauric acid lead to 
little abnormal fat deposition in the livers, they 
produce the most severe lesions in the hearts of 
choline-deficient rats, as observed by Kesten et 
al. (15). In a small percentage of animals, cardiac 
lesions were encountered even in the absence of 
any fat in a choline-deficient diet, and it was 
concluded that the dietary condition essential for 
the production of this type of cardiac necrosis is 
choline deficiency per se. The only dietary cho- 
line-deficient mixture that failed to produce car- 
diac lesions to some degree in the animals was 
one containing tributyrin. These animals all died 
within a short time with multiple gastric ulcers, 
as previously reported by Stetten et al. (5). 
Salmon and Copeland (17) have subsequently 
observed similar gastric lesions in rats fed tri- 
butyrin. These lesions are not preventable: by* 
choline. It is possible that if the animals had not 
died from the gastric lesions and had lived longer, 
even with tributyrin cardiac lesions might have 
been observed. 

Many of the animals in these experiments 
exhibited varying degrees of the hemorrhagic 
renal syndrome. The question arose whether or 
not the heart damage could be regarded as a 
direct result of choline deficiency on the myo- 
cardium, or as secondary to renal lesions induced 
by the hypolipotropic regimen. However, ina total 
of 25 animals, cardiac lesions were encountered 
in the absence of either gross or microscopic renal 
changes in choline-deficient rats. Furthermore, 
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Salmon and Copeland (18) have observed lesions 
of the cardiovascular system in both choline- 
deficient chickens and dogs. In neither of these 
species does choline deficiency produce significant 
renal damage. The manner in which choline de- 
ficiency may exert its deleterious effect directly 
on cardiac muscle will be considered later. 

The pathogenesis of the cardiac lesions serves 
to focus attention on probable etiologic mecha- 
nisms, and has been published in detail else- 
where (16).? Kesten et al. failed to find any stain- 
able fat in the hearts of their deficient animals, 
despite the application of suitable histochemical 
procedures to their material. In nearly all the 
animals in our experiments various amounts of 
stainable fat were demonstrated in the affected 
regions of the hearts. The greater the degree of 
necrosis, however, the less the amount of fat; the 
implication being that as the fatty myocardial 
fibers became necrotic, the fat was liberated and 
carried away by macrophages. As the animals of 
Kesten’s group were examined at the stage of 
very advanced degrees of cardiac necrosis, this 
fat had perhaps already been removed by macro- 
phages in their cases. Sudanophilic material in 
our animals appeared first within cardiac muscle 
fibers in linear arrangements of droplets follow- 
ing the muscle-striations. As the fat accumulated, 
muscle fibers became swollen and exhibited all 
the classical signs of degeneration, both nuclear 
and cytoplasmic. Prenecrotic and _ necrotic 
changes rapidly developed with lysis of fibers, 
dissolution of their cytoplasm and nuclei, and 
the areas of necrosis became invaded by an 
assortment of macrophages. Healing was charac- 
terized by collapse of the surrounding unaffected 
stroma around the area of necrosis and lysis, 
with shrinkage of the original area of the lesion. 
Proliferation of fibroblasts and sarcolemmal cells 
replaced the necrotic debris, producing a final 
picture of diffuse myocardial fibrosis. The latter 
lesion was present in animals fed the experimen- 
tal diet for many months. 

It is possible that the appearance of stainable 
fat in these hearts can be related to a decrease 
in the rate of fatty oxidation in choline deficiency. 
Artom (19, 20) has demonstrated that injection 


2 A number of color transparencies illustrating 
the pathogenesis of choline-deficiency-induced 
cardiac lesions were shown at the oral presenta- 
tion of this paper. Comparable black-and-white 
illustrations have been published in the reference 
cited, and are therefore not reproduced here. 
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of choline into choline-deficient rats shortly be. sit} 
fore removal of tissues produced a greater rate my 
of oxidation of fatty acids in slices of liver, kid. pat 
ney and heart in vitro, than in controls. Increases} aut 
in production of radioactive CO, following adf I, 
ministration of choline were observed in brain} des 
occasionally, never in testes. These findings lendf arte 
support to the suggestion that choline deficiency} mar 
may be the direct cause of the cardiac lesions§ diet; 
Several years ago Abdon and Borglin (21) r. quer 
ported the occurrence of bradycardia in choline} perc 
deficient rats. This phenomenon could be cor} were 
rected very rapidly by injections of cholinggeyt, 
chloride. In their experiments, adult rats kepilikel 
on a choline-free diet for 8-10 weeks frequentli{sider 
died very suddenly. The only sign before deatlflof ey 
was a bradycardia, the heart rate decreasing fron§gidos 
the normal frequency of approximately 250 pefcylar 
minute to 70-80 per minute. Recovery, with dencor 
normal pulse rate, occurred within 10 or 15 mingline-c 
utes if choline was injected intravenously. Alfeant 
though these investigators could not determinggerye, 
chemically the amount of choline in hearts, ther yasey 
found that in skeletal muscles of young rats ofsome 
choline-deficient diets, the amounts of musel nary ¢ 
choline slowly decreased, and terminally a suddetest a) 
fall in acetyl choline precursor developed. Furthegbnor 
investigations by these authors demonstrated disor sul 
turbances in the oxidative metabolism of musecl@[p th 
in choline deficiency (22). They found thiffatty 
minced muscle from the limbs showed a signififwith e 
cantly lowered O, consumption. The addition ¢ nosis, 
choline or methionine in vitro had no effect, bi@ The 
1 ml of choline chloride injected intramuscularlgn cho 
60 minutes before the animal was _ sacrificehonditi 
restored the oxidative mechanism to higher thafheen e: 
normal levels in the previously choline-deficiemt this 
animals. In these experiments the drop in oxidifeporte 
tive metabolism occurred in the animals befomnents 
the onset of renal damage due to choline dethigh-fa: 
ciency. More recently, the Alabama group @reased 
investigators (23, 24) have investigated cholitUholine 
deficiency in the rabbit and discovered a progre#he dey 
sive muscular dystrophy in these animals, prestero]- 
duced as a result of chronic choline deficienhjected 
and prevented-by adequate supplements of th#20-gm 
food factor. Although the results concernilfhen de 
skeletal muscle may not be directly applica! 
to cardiac muscle, nevertheless it is possible thd +4 ny 
dietary choline may play a role in the maint@t the o 
nance of normal striated muscle, whether #* Mor; 
cardiac or skeletal distribution. These observ! Yr 
tions probably have no direct application to mal 
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although in one report fatty degeneration of 
myocardium has been described in over 40% of 
patients exhibiting centrolobular fatty change at 
reases§ autopsy (25). 

ig ad-{ In the course of the investigations at Toronto, 
brainf described above, abnormal lipid in coronary 
s lend§ arteries and aortic sclerosis were encountered in 
cleneyf many of the young rats fed choline-deficient 
asions§ diets. These lesions were discovered most fre- 
'1) re}quently in animals fed diets containing a high 
0line} percentage (35%) of lard. The vascular lesions 
€ cor were usually seen in the animals that developed 
holinggeute renal damage, and it is therefore entirely 
3 kep§likely that the renal damage is a factor of con- 
uentl¥jsiderable importance in the etiology of this type 
deatijof experimentally induced coronary arterial lip- 
g fromfoidosis and aortic sclerosis. However, similar vas- 
50 pefcular lesions, as already mentioned, have been 
with #encountered by the Alabama group (18) in cho- 
5 mitfline-deficient chickens and dogs in which signifi- 
ly. Alfeant degrees of renal damage were rarely ob- 
ermingserved. The pathology and pathogenesis of the 
s, the} vascular lesions in rats have been reported in 
rats difsome detail (26, 27). Whether or not the coro- 
nusclfnary arteries or the aorta are involved, the earli- 
suddetiest abnormalities consist of the deposition of 
‘urthefabnormal amounts of stainable fat in the intimal 
ted difor subintimal tissues of the vessels concerned. 
musciln the aorta this initial lesion is followed by 
d thiffatty degeneration and necrosis of the media, 
signi with eventual calcification producing a gross scle- 
ition 0 psis. 

ct, buf The effects of varying the type of dietary fat 
scularlfin choline-deficient diets fed to animals under 
crificeftonditions that lead to vascular lesions have not 
er thafheen extensively investigated to date. Elsewhere 
leficiemft this meeting, the Toronto group (28) have 
1 oxidifeported that the addition of cholesterol supple- 
s befomments (2% for females and 1% for males) to a 
ne deithigh-fat, high-protein, choline-deficient diet in- 
roup @reased the incidence of cardiovascular lesions. 
choliPholine-deficient females otherwise resistant to 
progrethe development of the lesions, when fed a cho- 
ls, pesterol-supplemented, choline-deficient diet and 
ficienfnjected with. pituitary growth hormone (1 mg, 
; of th#20-gm rat) and testosterone (5 mg, 120-gm rat) 
ncernil#hen developed cardiovascular symptoms of cho- 
yplicab 









ible th * A number of color transparencies were shown 

maint@ the oral presentation of this paper illustrating 
other # morphology of the lesions. Comparable black- 
id-white photomicrographs have been pub- 
hed in the references cited, and are therefore 
reproduced here. 
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line deficiency. It would appear, then, that not 
only lipid supplements but hormonal factors play 
a role in the development of these lesions. It is 
of interest that the serum cholesterol levels in 
choline-deficient rats are lower than in choline- 
supplemented controls, an observation previously 
made by earlier investigators (29). Even when 
added to normal diets without cholesterol sup- 
plements, choline and inositol increase the level 
of plasma cholesterol in chickens (30, 31). This 
fact, and observations on the effect of adding 
choline to cholesterol-supplemented stock diets, 
have led many investigators to believe that lipo- 
tropic factors do not play any significant role in 
the prevention of cholesterol-induced atheroma. 
But it should be emphasized that most of the 
experiments of this type (32, 33) have been car- 
ried out under conditions in which the normal 
diet contained adequate amounts of lipotropic 
factors to begin with, and the levels of cholesterol 
ranged from 2 to 5% or even more. Under these 
conditions it would be difficult indeed to demon- 
strate a lipotropic effect of added dietary cho- 
line even on the liver, much less the cardiovascu- 
lar system. In monkeys, Mann et al. (34) have 
demonstrated a protective effect of methionine 
supplements to semi-synthetic diets containing 
added cholesterol. In preventing the development 
of atheroma in monkeys, the exact role of methi- 
onine vs. choline in this type of experiment is as 
yet not understood and is subject to further 
investigation and discussion (35). The effects of 
a few other dietary constituents on the produc- 
tion of choline deficiency-induced vascular dam- 
age in rats have been investigated. Hypervita- 
minosis D is much less harmful to the aorta and 
coronary arteries of rats given a supplement of 
choline chloride (1%) than when similarly exces- 
sive amounts of the vitamin (15,000—20,000" 
1u/day/rat) are added to the basal hypolipo- 
tropic diet (36). Tocopherol added to the basal 
diet exerted no effect on the development of 
vascular lesions, whereas betaine supplements 
completely protected the animals (37). 

In conclusion, it is apparent that the effects of 
a lipotropic-deficient diet on a number of organs 
of the experiemental animal are probably highly 
influenced by the type of dietary fat and the 
quantity employed. These relations have been 
intensively investigated with regard to the liver, 
but as yet only the beginnings of the picture are 
emerging with reference to the kidney, the heart, 
and the vessels. There appears little doubt, how- 
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ever, that under suitable conditions in the labo- 
ratory inadequate supplies of lipotropic factors in 
the diet may produce dramatic and striking 
changes in a variety of organs in addition to the 
liver. The brilliant investigations of Abdon, Ar- 
tom, Gurin (38) and others may point to a final 
common pathway in the pathogenesis of all these 
lesions by indicating the mechanisms whereby 
choline enables all these tissues to metabolise 
fatty acids at normal rates. We feel that suitable 
manipulations of the protein, choline and fat 
content of experimental diets in future investiga- 
tions may yield highly significant and revealing 
results in the field of cardiovascular and renal 
investigation. 
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OH. HORMONAL-NUTRITIONAL-LIPID RELATIONSHIPS: 

Nat LAURANCE W. KINSELL AND GrorGE D. MICHAELS 

rer From the Institute for Metabolic Research of the Highland Alameda County Hospital, 
Oakland, California 

4. 

Acta A HIGHLY comprehensive title gives one the lipid values in the first patient fell in rather 

Jature§ privilege, at the one extreme, of saying every- striking fashion (2, 3). These findings have re- 


thing about nothing; and at the other, of saying 
V. D.Jnothing about everything. We shall try to avoid 
either extreme by limiting the discussion to a few 
facets in the broad field of lipid metabolism. 
+; 993| Specifically, we shall confine our observations to 
sme factors having to do with plasma lipid 
tlevels, and to a brief consideration of hormonal 
rit J regulation of neutral fat metabolism. 
RELATIONSHIP OF DIET TO LEVEL OF 
SERUM LIPIDS 


ND J. 
1955. 


Endo} tn no field of clinical investigation is there more 


s anppdisagreement than in that dealing with the rela- 

tionship of diet to plasma lipid levels, with par- 

ticular reference to cholesterol. Approximately 

4) years have elapsed since it was first noted 

that the feeding of cholesterol to a rabbit would 

. Path§produce hypercholesterolemia and _ vascular 

changes, suggestive of those found in human 

c. Soclatherosclerosis (1). Many investigators have felt 

that the observations in the rabbit justified 

the conclusion that dietary cholesterol in the 

Am. Jfhuman was a potentially toxic substance. Others 

have felt that with or without cholesterol, die- 

ary fat per se would predispose to elevated 

h Conf?asma lipid levels, and to abnormal deposition 
2. Nev lipids in the blood vessels. 

The matter of the relationship of dietary fat to 

plasma: lipid levels has been under investigation 

n our laboratory during the past several years. 

he initial observations were obtained inadvert- 

ently in the course of maintaining a patient on a 

diet in which all of the calories were derived from 

h vegetable fat emulsion. The study was designed 

0enable us to evaluate the effects of certain of 

he cortical steroid hormones upon fat oxidation. 

During the ingestion of this material, it was 

hoted that the plasma cholesterol and phospho- 
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cently been confirmed by Ahrens et al. (4) and by 
Beveridge et al. (5). Our initial interpretation was 
that this change was attributable to some of the 
hormonal material which was being administered 
at the time. Subsequently, however, it was found 
thatin the absence of any hormonal therapy, the 
administration of diets containing large amounts 
of fat (the fat all being of vegetable origin) would 
consistently result in a very profound decrease in 
the level of plasma cholesterol, this decrease 
averaging approximately 100 mg per 100 ml in 
normo-cholesterolemic individuals, and several 
times this decrease in hypercholesterolemic indi- 
viduals (figs. 1 and 2). When isocaloric amounts 
of animal fat were substituted for the vegetable 
fat, a prompt rise in plasma cholesterol occurred 
to or above the original level. It appeared, there- 
fore, despite a few reports to the contrary in the 
literature (6, 7) that animal fat and vegetable 
fat were essentially different substances insofar 
as their relationship to plasma cholesterol and 
phospholipids was concerned. 

These observations raise certain questions, 
among which are the following: 

Are the changes in plasma cholesterol related to 
a simple lack of cholesterol in the vegetable fat? 
The full answer to this is not yet forthcoming, 
but it seems probable that other factors play a, 
part, inasmuch as the addition of large amounts 
of cholesterol to the high vegetable fat formulae 
has not, under the experimental conditions in 
which it has been used in our laboratory, resulted 
in a rise in plasma cholesterol (8). 

Is the effect attributable to some positive 
factor in the vegetable fat; e.g., some phospho- 
lipid or vegetable sterol? We have attempted to 
evaluate a number of such vegetable fat deriva- 
tives. A decrease in plasma cholesterol has been 
observed with some of these, but the results have 
been erratic, and in no instance has the magni- 
tude been that obtained with the high vegetable 
fat intake (9). 

Is the effect attributable to nutritional defi- 
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Fig. 1. Fall in plasma cholesterol and phospho- 
lipids during intake of a high vegetable fat diet in 
a juvenile diabetic. (Patient CART, 28 yr., dia- 
betes mellitus, Sept. 28-Nov. 9, 1954.) 


ciency brought about by an improperly balanced 
formula? This interpretation has been advanced 
in a recent paper in Nutrition Reviews (10). That 
this is not the case is readily shown by the fol- 
lowing: a) Patients have been maintained on 
these formula diets in positive protein balance 
and in weight equilibrium or actual weight gain 
over prolonged periods of time (refs. 11, 12, and 
fig. 3). b) Effects of equal magnitude can be 
obtained when one uses mixed diets, thoroughly 
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Fig. 2. Fall to normal of pathologically elevated 
plasma cholesterol and phospholipids during in. 
take of a formula diet in which all the fat was of 
vegetable origin. (Patient DID, 28 yr., diabetes 
mellitus, Nov. 11—Dec. 15, 1952.) 








adequate in all known nutritional entities, in 
which a large portion of the vegetable fat and of 
the protein is derived from a variety of nuts 
(fig. 4). Additional data bearing on this aspect 
of the problem are included in a recent report 
from this laboratory (13). 

Could the unsaturated fatty acid content o 
the fats used play a part in the effect upon serum 
lipids? All of the vegetable fats used by us ini 
tially have had very high iodine numbers. Th 
unsaturated fatty acid content of animal fat aver 
ages less than half of that of vegetable fat. Cur 


rently under way is a study in which a vegetabl ainin 


fat having a very low iodine number is being usel 
on a comparative basis (see ADDENDUM). 


LIPID METABOLISM IN RELATION TO 
ATHEROSCLEROSIS 


This field has been the subject of a great num 





rosi: 


and Byers approaches the problem objectivel _ 
(14). We would like only to make the followinfjo:, | 
comments. ained ¢ 

The etiology of atherosclerosis is unknownfflet cor 
That it may be nutritional is entirely possible i 
Should this be so, it is equally possible that th llitwy 


actual nature of the nutritional deficiency 0954), 


excess is still unsuspected. 

There is as yet no laboratory procedure whic 
in any sense of the word can be considered 
‘diagnostic’ of early atherosclerosis. Also, this i 


true of many patients with extensive atheMfwyeyo,. 


sclerosis which is not yet clinically eviden 
This statement applies to chemical determinagy 
tions of blood lipids; to lipoprotein pattems 


ly dey 
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Fic. 3. Maintenance of positive protein balance in an elderly patient receiving a formula diet con- 
zetabh aining only vegetable fat and protein during a period of more than 5 months. (Patient DUT, osteo- 
1g uselfporosis, Jan. 6-June 13, 1954.) 
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evident sulting from unusual mathematical manipu- _ tics, there appears to be little question that the 
ermiMBtions of some of the above chemically or phys- avoidance of obesity represents a prophylactic 
ya tterns lly determined plasma or serum constituents. procedure of some value. 
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Fig. 5. Concept of fat oxidation in the human subject. Certain factors deserve particular emphasis 
1) Activated acetate is the central hub of all energy metabolism. 2) Oxalacetate and/or other membe 
of the Krebs cycle are derived from pyruvate, and hence from either protein or carbohydrate. 3) LackingF 


‘piles up’ with resultant formation of acetoacetate. In this sense “fat burns in the fire of the carbo 
hydrate.”’ 4) Insulin, by directly or indirectly regulating the Krebs cycle, increases both carbohydrat 
and fat oxidation. (Diagram used by permission of Dr. F. L. Engel.) 


Our therapeutic armamentarium is extremely 
impoverished. Until this situation is improved, 
it seems reasonable to us to believe that adherence 
to a course designed to avoid hypercholestero- 
lemia may be sensible. 


METABOLISM OF NEUTRAL FAT 
4 


Knowledge of fat metabolism has accumulated 
more slowly than that relating to either carbo- 
hydrate or protein metabolism. Some reasonably 
solid pieces of information are available, although 
the total picture is still incomplete. The most 
stimulating observations of the recent past and 
present are those which indicate that fat may be 
considered to be the ‘prime fuel’ of the body, 
rather than carbohydrate (15). Equally inter- 
esting, is the return to a modified version of the 
old concept that “fats burn in the fire of the 
carbohydrate” (16, 17). Both these concepts are 
brought out in figure 5. 



























effects of hormones on lipid metabolism. 


HORMONAL REGULATION OF CHOLESTEROL AND 
PHOSPHOLIPID METABOLISM 


It has been aioe, however, that certain statess 
of hormone excess and hormone deficiency 4 
associated with elevation or depression of th 
plasma cholesterol level; i.e., a) the level 4 It is y 
thyroid hormone administration or production imoynt; 
inversely related to the level of plasma cholethe forn 
terol (18, 19). 6) Chronic hypoinsulinism (diffa miy 
betes) tends to be associated with hypercholeg#te ab 
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rolemia and hyperlipemia generally (20). c) 
Increased adrenocortical activity in response to 
erticotropin administration may be associated 
with a decrease in plasma cholesterol (21). d) Ad- 
ministration of pharmacologic amounts of corti- 
gne and related steroids may be associated with 
A devation in plasma cholesterol (22). 

Generally speaking, factors which cause eleva- 
tion or depression in plasma cholesterol produce 
yA | |the same type of effect upon plasma phospho- 
lipids. Presumably, this means that free and 
‘: esterified cholesterol and lecithins tend to occur 

in a reasonably constant relationship in the 
plasma lipoprotein complexes. 





EFFECTS OF HORMONES UPON METABOLISM 
oat OF NEUTRAL FAT 





1 Pituitary Factors. Since no anterior pituitary 
hormone has as yet been isolated in ‘pure’ form, 
itis obvious that one can speak with little assur- 
04 | fance about precise quantitative effects of such 
hormones. There is suggestive evidence that a 
material called ‘adipokinen,’ which has not yet 
been separated from quite highly purified corti- 
otropin, tends to mobilize fat from the liver to 
_ Mdepots, and possibly to indirectly accelerate fat 
~ combustion (23). The non-ACTH diabetogenic 
vackingactor (which has not yet been separated from 
y acid@pituitary growth hormone) directly or indirectly 
-carbofalso appears to have a significant effect upon fat 
1ydra!fnetabolism, the nature of which remains to be 
arified (24). 

Thyroid Hormone. This material accelerates 
30LISM the rate of all metabolic processes including fat 
be commobilization and oxidation. 

ates of Insulin has a two-fold effect upon fat metab- 
procesplism—it increases the formation of fat from 
in diarbohydrate (25), and indirectly decreases the 
of thgormation of ketones from fat via its effect upon 
trbohydrate metabolism (26; see fig. 5). 

Steroids. Cortisone-like steroids decrease the 
)L AN Byperketonemia produced by starvation and 
igh fat feeding (27). 

s know§ Anabolic steroids, directly or indirectly, may 
neerne@rease the rate or efficiency of fat catabolism in 
‘in. statepssociation with increased protein anabolism (28). 
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1 of th 
level | It is well established that the ingestion of large 
uction mounts of a variety of vegetable fats, either in 
1 cholete form of a nutritionally adequate formula, or 
sm. (dilffa mixed diet, in the complete or nearly com- 
ercholeg#te absence of animal fat, results in profound 
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Fig. 6. Relationship between unsaturated fatty 
acid content of the diet and the level of plasma 
cholesterol and phospholipid. (Patient AING, 30 
yr., diabetes mellitus, Dec. 12, 1954—April 1955.) 


decrease in plasma cholesterol and phospho- 
lipids. The mechanism of this effect is still 
unclear. Whether the decrease in these plasma 
lipids is of any value, in terms of prophylaxis or 
treatment of human atherosclerosis, is still to be 
determined. F 

The knowledge of oxidation of neutral fat, and 
the place of fat in the ‘metabolic pool,’ has 
become much more precise. To a lesser degree 
this is true of our knowledge of hormonal regula- 
tion of lipid metabolism. 


ADDENDUM 


In figure 6 are shown the results of a recent 
study in which calorically equal amounts of vege- 
table fats of high and low unsaturated fatty acid 
content, respectively, were administered at inter- 
vals during the course of a ‘balance study’. It 
appears that the fall in plasma cholesterol is 
directly related to the unsaturated fatty acid con- 
tent of the fat used. Both fats are essentially 
cholesterol-free. 
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This study resulted from a discussion of the 
problem with Dr. Harry Deuel. 
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FEDERATION PLACEMENT SERVICE 





Koc YEARS AGO a short description of the 
development and activities of the Federation 
Placement Service was prepared for Federation 
Proceedings. This included a brief analysis of the 
experience, qualifications and requirements of the 
candidates and of the types of positions registered 
by employers. Such a study led to some modifica- 
tions of the Service designed to meet more fully 
the needs of the two groups using it. 

During the ensuing interval the number of 
candidates on the rolls during one calendar year 
increased from 453 to 792 in 1953, or an increase 
of 74%. There was a small decrease of about 5% 
in 1954. Since the totals donot represent a calendar 
year but a March 1 to March 1 tally, the 1954-55 
figures are probably affected by the location of 
the 1955 annual meeting at a point too distant 
for many of the graduate students from the east 
who are about to receive degrees to attend. 
This would decrease the number from the east 
registering in the months preceding the meetings, 
who do so with the primary purpose of utilizing 
the interview facilities there. It has been these 
recent graduates of the eastern and midwestern 
schools who have made up the largest group of 
candidate registrants. The totals may also reflect 
a changing employment situation .with more 
desirable positions open. 

Since the lists have been placed on a subscrip- 
tion basis, fewer positions have actually been 
registered, for employers no longer must register 
4 position to receive the list of candidates. If they 
do not wish an opening publicized they may pre- 
fer to subscribe to the list of candidates without 
specifying what positions they have to fill. Also, 

egular subscribers have in their files the current 
ist of candidates to consult when an opening 
becurs and negotiations for a replacement may be 

gun without direct consultation with the 
pervice, particularly if the next issue of a list of 
positions is some months away. Therefore, any 
ialysis and comparison of positions for the two 
ears under study would be of little value. 

There has been a steady increase in the num- 
er of employers using the interview facilities at 

e annual meeting. In 1954 there were 175 

nployers representing 125 of the 285 subscribers 

gible to use this part of the Service. The total 
imber of annual subscriptions has been between 
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250 and 275 with an average increase of 10-15 
subscriptions each year. The number of single- 
copy orders has doubled in that time. Many em- 
ployers find it best meets their needs to purchase 
the February list alone, since this carries conven- 
tion interview privileges. 

In an effort to meet partially the increased cost 
of handling the larger number of individuals now 
using the Service and the growing costs of pro- 
viding satisfactory interview facilities at the 
annual meetings, the list of candidates, of posi- 
tions and of fellowships have been on a subscrip- 
tion basis for 3 years. The Federation Board 
voted in April 1954 to increase the fees beginning 
with 1955 so that at present they are: 


Annual subscription $15.00 
Single copy order of 
List of candidates 10.00 
List of positions 5.00 
List of fellowships 2.00 


A copy of the fellowship list is sent without cost to 
any member of a constituent Society, upon 
written request. To utilize the interview facilities 
at the annual meeting the employer must be 
either an annual subscriber or his authorized 
representative or have purchased the February 
list of candidates on a single-copy basis. The 
candidate pays an annual fee of $3.00 to main- 
tain his registration. Such fees enable the Service 
to meet approximately half its cost, the Federa- 
tion bearing the remainder. 

As the last analysis of the candidates using the 
Service and of the types of positions offered: by* 
employers is now 4 years old, it has seemed of 
interest to prepare another such study and a 
comparison of the two. A comparison of the 
candidates of the two years is more meaningful 
than an attempt to compare the incomplete 
figures on positions which we have, because so 
few of the positions actually recruited for through 
the Service are registered. 

The numbers of candidates from any one field 
do not correspond to the relative size of the 
society representing that group. The American 
Physiological Society is the largest, with 1,423 
members; the American Society of Biological 
Chemists is second with a membership of 1,104, 
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TABLE 1. TOTAL APPLICANTS REGISTERED MARCH 
1 to Marcu 1 


Field 1950-51 % 1954-55  %G 
Physiology 173 38.3 247 33.3 
Biochemistry 214 47.3 335 45.2 
Pharmacology 38 8.4 71 9.5 
Pathology 7 1.6 10 1.3 
Nutrition 10 2.2 23 3.1 
Immunology 2 4 55 7.4 
Misc. 8 1.8 

Total 452 741 


TABLE 2. APPLICANTS AND POSITIONS REGISTERED, 
ATLANTIC CITY MEETING, APRIL 1954 














l | 
. No. | 
| Appli- | ion ie ses 
Field | ‘cants {Receiving) Tater. P —" 
| ROR. il aus views | 
| | | | 
Physiology 103 | 74 | 226 | 47 
Biochemistry | 184 | 111 316 | 65 
Pharmacology a | 1B 86 | 24 
Pathology 2 2 4 | 5 
Nutrition | 14 s 14 | 1 
Immunology | 14 7 8 | 2 
Total | 344 | 220 | 654 | 144 








but its membership has increased more rapidly 
the last few years, seeming to indicate more 
young men are entering this field. The American 
Society for Pharmacology and Experimental 
Therapeutics is third, with 627. As in 1950-51, 
more biochemists used the Service than any other 
group, and it is interesting that the candidates of 
the two years which are being compared represent 
the fields of the Societies in about the same pro- 
portions, as is seen in table 1. This proportion has 
remained remarkably constant at any time a 
tally was made. This is evident in table 2 where 
the candidates and the positions registered at the 
annual meeting are listed according to their field 
of interest. Not only do biochemists register in 
larger numbers, but more positions are registered 
in that field and more interviews requested. But a 
larger percentage of physiologists received inter- 
views than did biochemists in 1954 (table 2). 

Again, a brief study of the qualifications of 
candidates who received interviews was made. 
Each year about 24 of the candidates receive 
interviews while 14 receive no requests. 

It was found earlier that candidates registering 
the first day of the registration period, and even 
until noon of the second day, had the best chance 
for interviews. This seemed to have little or no 
relation to their qualifications. Since a candidate’s 
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records cannot be put in the open files until he 
completes a time card indicating when he will be 
available for interviews, these records cannot be 
studied by employers until the candidates sign in 
with the Placement Service at the annual meet- 
ing. If they are not in the open files until the 
third day an employer may not see them, should 
he make only one visit to these files and not re-B 
turn to look over later registrants. Records areB 
filed in order of registration and in numbered?” 
books to facilitate subsequent visits by em-f 
ployers. Certain employers are careful to go over 
all applications in the field, but apparently the 
majority do not, finding too many demands made 
on their time by other events. Also these samef, vl 
employers may wait until the last day to scheduleh p. 
the appointments they wish, in some cases to find@M.A. 
the candidate, discouraged by no interviews, haspoct« 
gone home a day or even two days earlier than he Ph.D 
had intended. 
To eliminate this difficulty, both candidate 
and employers are encouraged to use the list o/ 
candidates prepared in February and mailed tofntere: 
subscribers about 6 weeks before the annualymeeti 
meeting. In 1954, when good advance publicitygangec 
concerning this list was placed in Federatiog As 1 
Proceedings, an unusually large number of candigl app 
dates registered in time to be entered in the list§6-30 
This gives the employer time to study theimave 1 
qualifications at leisure and to reach tentativ@ave 
decisions on whom he wishes to see, providing ofigher 
course that these candidates attend the meeting er pe 
In table 3 it can be seen that the percentage ojmpres 
candidates who received interviews was larger immong 

the group described in the February list than igome 
the total registration. They also received monmay b 
interviews per individual. pseaT'C 
In the same way, the March list of position}erienc 
reaches all subscribers several weeks in advanegot nec 
of the meeting. Employers who wish to be apglely 1 
proached by candidates can enter their opemat-inc 
positions in this list. There is then ample time fogpparer 
ables ¢ 
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ith d 
No. % Av. No. fitervie 
Received Received | Intervi 
Interviews | Interviews | /Person #lice tl 
is gro 
Total regis- suc 
trants 345 221 64 3.0 
No. of  regis- A sun 
trants on Feb. kisterc 
list 132 98 74 3.6 table 








































me 14 June 1956 
til he TABLE 4. APPLICANTS INTERVIEWED 
vill be | 1951 1954 
10t be | 
sont | No. | No. | Inter- . | No. | Inter- 
gn in | Appii- Inter: bono? Appli- Inter- cian 
meet- | cants views | Person| cants | views |Person 
‘il the Ages 
should 15| 61/ 4.1] 17| 56) 3.3 
0t re- 79 | 321 | 4.1 | 129 | 382 | 2.9 
38 | 95 | 2.5 | 63 198 | 3.1 
19 46 | 2.4 7 14 | 2.0 
3 6 | 2.0 3 3 | 1.0 
2 3 | 1.5 1 MPSS 
156 | 532 220 | 654 
Degrees Held 
vone 1 
B. or B.S. 5 | 22] 4.4 8 | 13 | 1.6 
to findM.A. or M.S. 16; 42|2.6|) 21] 60 | 2.8 
130 | 438 | 3.4 | 186 | 560 | 3.0 
hD. & M.D. 5 | 30 6.0 5 | 20} 4.0 
156 | 532 220 | 654 























list of 
iled tofaterested candidates to write to them before the 
annualmeetings, where an interview can then be ar- 


iblicitypanged by the employer. 


eratiom As in the previous study, the greatest number 
candipf applicants who received interviews are in the 
he list¥6-80 age group (table 4). These individuals 
y theigave received their doctorates recently, but may 
ntativg@ave a year or two of experience. The next 
ding opigher age group, 31-35, received more interviews 
eetingper person than in 1951. This substantiates the 
tage impression that a trend has been developing 
urger imong employers now to seek candidates with 
than igome postdoctoral experience. Another factor 
d monmay be the increased availability of desirable 
earch fellowships affording postdoctoral ex- 
ositionperience in the sciences. Thus a candidate may 
.dvancgot need to seek a permanent position immedi- 
be apply upon receiving his degree. In. 1951 the 
ir opegar-induced shortage of new graduates was still 
time fogpparent. The slight differences shown by these 
bles can hardly be called significant, however. 
_{ A breakdown of the degrees held by applicants 
W"Dotinues to show an overwhelming majority 
ith doctorates and the greatest number of 
Av. No. filerviews going to such candidates (table 4). 
Perse nee the Service is designed to meet the needs of 
“ is group this would seem to be some measure of 
ssuccess in doing so. 
A summary of asking salaries of the candidates 
uistered at the annual meeting in 1954 is found 
3.6 Btable 5. No record is obtainable of the salaries 
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received, since we have very inadequate reports 
on the positions candidates accept. These reports 
are on a voluntary basis, as no fee on actual 
placement is involved, and only a minority of 
candidates cooperate. In general, salaries have 
risen $1,000—$1,500 per year in the past 4 years 
for all levels of preparation and experience on 
which there is sufficient information to make a 
general statement. 

The great increase in numbers of individuals 
using the Service in these years clearly demon- 
strates the need for it. The rate of increase has 
lessened somewhat in the past 2 years. This may 
reflect a changing employment situation, as 
mentioned previously, or may indicate that the 
Service as now conducted has reached most of 
those who wish to use it. Certainly its usefulness 
to candidates for major positions could be in- 
creased. However, those positions must be 
handled on an individual basis, which is not 
possible with the present staff. Such an adapta- 
tion would add substantially to the cost of 
operating the Service, and would constitute a 
major policy change. 

Since we have inadequate information about 
the positions for which employers are recruiting, 
a summary of the employers who subscribe to the 


TABLE 5. SALARIES ASKED AT ATLANTIC 
































City, 1954 
Applicants a 
Salaries Non-inter- Inter- Total 
viewed viewed 
Open 18 a1... 
Under 3000 1 | 1 
3000-3900 4 8 12 
4000-4900 13 i) 
5000-5900 37 86 | 123 
6000-6900 28 38 | 66 
7000-7900 11 2 13 
8000-8900 8 2 | 10 
9000 & over 4 1 5 
Totals 124 220 344 
TABLE 6. 1954 SUBSCRIPTIONS 
Annual | Single | Total |  % 
| | 
| ee 
Universities 160 30 | 190 | 60.7 
Governmental 17 eee. aa 
Research Inst. 25 ee ae 8.9 
Industrial | &# 6 | 50 16.0 
Personal bu , a ae 7.0 
| 
Total 265 48 | 313 
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Service and the type of institution they represent 
might be of interest. This is presented in table 6. 

It will be noted that 60% of the subscribers are 
from universities, where departments can make 
use of both the lists of candidates for filling any 
openings and the lists of positions for their stu- 
dents who are seeking employment opportunities. 
Obviously the other classifications are in general 
interested only in the list of candidates. 

The annual list of fellowships and assistant- 
ships has now been issued four times and covers 
most of the well known fellowships in the field of 
experimental biology. Excellent cooperation has 
been received from the larger granting organiza- 
tions. This list is designed to give the information 
necessary to an individual wishing to apply for 
the fellowship. It includes: the purpose for which 
the fellowship is granted, the name of the grant- 
ing organization, address for application, require- 
ments for applicants, stipend, final date of appli- 
cation and of award. This could be considerably 
more useful with an increased registration of the 
less well known fellowships, particularly those 
granted by universities. As universities differ 
widely in their procedures in granting such 
fellowships and they in turn change from time to 
time, it is difficult to reach the person who has the 
responsibility for such registration. Members of 
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the Federation who hold academic positions 
could give valuable assistance by taking the 
initiative in registering the fellowships and assist- 
antships available in their departments. 
LetHA K. ANDERVONT 
Assistant to the Director 





Placement Service 1955 Federation Meeting 

















The Placement Service interview facilities at 
San Francisco were located on the second floo 
of the Civic Auditorium where a generous amoun 
of space was available. As had been anticipated; 
the number of candidates using the interviey 
service this year was considerably reduced. 4 
total of 165 candidates registered. Of these 1% 
or about 80% received interviews, a considerabl; 
higher percentage than in previous years. Als 
of the total 165, 98 or 59% indicated biochem 
istry as their major field of interest. 

There were 116 employers registered repr. 
senting 85 subscriptions and 406 interviews r 
quested. Compared with other years this show 
a proportionally greater attendance of employer 
than candidates, with a consequent greater num: 
ber of applicants receiving interviews and mo 
interviews per applicant. 
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CORRECTIONS AND ADDITIONS TO MARCH ISSUE 





be Page 7. THEODORE A. Ba.Lourpas, lines 34-36 


oom should read as follows: “‘. . . showed evidently 
favorable influence upon the capillary per- 
meability; slight or none, in other experiments, 

stingy UPOD the increased epinephrine sensitivity.” 















Page 79. A. C. Ivy, 3rd line should read: ‘‘Amino- 


‘les at guanidine HCI (10 mg/kg body wt.).” 
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Page 100. Author’s name and address should read: 
“MILTON MENpDLOwITz. Dept. of Medicine and 
the Andre Meyer Dept. of Physics, Mount Sinai 
Hosp., New York City.” 


Page 113. E. R. PERL, 12th line, following ‘‘.. . 
flexion,’’ add the following sentence: ‘In 
decerebrates, a discharge to crossed extensors 
(if present) appeared after 30-50 msec.’’ Line 
2%, following ‘‘earlier,”’ insert the words ‘‘onset 


repre 


WS I@Page 117. RaaB AND GiaEE. Add the following 


show acknowledgment of assistance: “...and by 
dloyese Am. Med. Assoc. Grant No. 87.” 
r nul 


Page 133. Leon H. Scuneyer. The following re- 
vised abstract should be substituted for that 
printed : 

Wource of total mixed saliva of man. LEON 
H. ScHNEYER (introduced by JoHn M. Bruun). 
Depts. of Physiology and Pedodontia, School of 

f Dentistry and Med. College of Alabama, Univ. of 
Alabama, Birmingham. 

Recent work indicates that, under essentially 
resting’ conditions, the volume flow of the sub- 
maxillary, sublingual and parotid gland secretions 
accounts, on an average, for 58% of the volume 
low of the total mixed saliva of man, thus leaving 
he origin of 42% of the total mixed saliva unac- 
ounted for (SCHNEYER AND Levin, 1955). The 
present investigation was undertaken to deter- 
nine the source of this unaccounted-for fluid. The 
sults indicate that this fluid is attributable to 
hree factors: secretion by small mucosal glands, 
ondensation of fluid in the oral cavity, and un- 
qual stimulation of the salivary glands by the 
Warious collection methods. (Supported by funds 


1 mo 


671 


provided under contract AF 18(600)-623 with the 
USAF School of Aviation Medicine, Randolph 
Field, Tex.) 


Page 163. The following abstract was omitted: 
Central representation of sensory impulses 
in the crayfish. C. A. G. Wiersma. Biology 
Div., California Inst. of Technology, Pasadena. 
By leading off from thin fiber bundles, prepared 
from the commissures of the crayfish, Cambarus 
clarkii, single unit responses on sensory stimula- 
tion have been obtained. In most instances each 
interneuron represents a large sensory field, so 
that extensive convergence must occur. In many 
cases the sensory fields of single interneurons are 
spread over several to many body segments and 
are often non-adjacent. Each sensory area so far 
investigated has, however, more than a single 
interneuron representing it, so that divergence 
seems also to occur. The pattern of interneurons 
activated by a given sensory area is specific for 
that area and constant for the species. (Supported 
by a grant from the National Science Foundation.) 


Page 213. FRANzL AND Rapport, $rd line: Instead 
of “in 2 fatty chains,’ read “and 2 fatty 
chains.” 


Page 283. SoBEL, SAMACHSON AND SLovik. The 
following acknowledgment of assistance should 
be added: ‘Supported by the Natl. Inst. for 
Dental Research, NIH, and by contract be- 
tween the ONR, Dept. of the Navy, and the 
Jewish Hosp. of Brooklyn, NR 180-025.” 


Page 375. OrcuTT AND CRONHEIM, line 30 should 
read: “falling at an approximately equal and 
constant rate.’ 


Pages 476 and 583. ScHwARTZMAN et al., names of, 
authors should read: “Gregory SHWARTZMAN, 
RENE JAHIEL* AND STANLEY M. ARronson.*” 


Page 596. E. Leona Way et al. (exhibit). Address 
should read: ‘“‘Dept. of Pharmacology, School of 
Medicine and College of Pharmacy, Univ. of 
California, San Francisco.” 








CHANGES AND ADDITIONS TO DIRECTORY LISTINGS {Vc 





Amassian, Vahe E., M.B., B.Ch. Univ. of Wash- 
ington School of Medicine, Seattle 5. Assoc. 
Prof. of Physiology and Biophysics. (1, 1953) 

Angerer, Clifford A., Ph.D. Dept. of Physiology, 
Ohio State Univ. College of Medicine, Colum- 
bus 10. Prof. of Physiology. (1, 1943) 

Brazier, Mary A. B., Ph.D. Massachusetts 
General Hosp., Boston 14. Neurophysiologist; 
Research Assoc. in Neurology, Harvard Med. 
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